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THE SOURCE OF SOLAR ENERGY. 


By CAPTAIN JOHN ERICSSON. 


From “ Nature.” 


All incandescent bodies shrink rapidly if 
permitted to radiate freely, the rate being 
nearly proportional to the degree of incan- 
descence. The enormous temperature main- 
tained at the surface of the sun must there- 
fore produce rapid shrinking, although we 
do not know the rate by actual observa- 
tion. We know, however, what amount of 
mechanical energy the sun parts with in a 
given time, and we know the size and the 
specific gravity of the solar mass. 

Demonstration is not needed to prove that 
motion of the particles within a spherical 
body towards the centre, caused by attrac- 
tion, develops a certain amount of mechan- 
ical energy resulting in the generation of 
heat within the mass. Nor is it necessary 
to show that the fixed relations between 
heat and energy enables us to determine 
the extent of contraction produced by gravi- 
tation, during cooling, if we can ascertain 
the amount of heat radiated in a given 
time, by a sphere of known size and speci- 
fie gravity. With reference to the sun, the 
elements thus specified are of the following 
magnitudes: Heat radiated per minute, 
312,000 thermal units from one square foot 
of surface ; diameter, 852,584 miles; spe- 
cifie gravity, 0.250 compared to that of 
the earth, or 5.50 & 0.250 = 1.37 of water. 
Hence, assuming that the mass is homo- 
geneous, the weight of one cubic foot of 
the matter composing the sun will be 
62.5 < 1.37 = 85.6 lbs. It will be seen, 
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presently, that in case the sun’s mass 
is not homogeneous, the want of homoge- 
neity will not materially affect the question 
ot attraction and the resulting energy. At 
first sight, it would appear that no probable 
amount of contraction of the sun could de- 
velop by gravitation towards the centre, an 
amount of dynamic energy of 312,000 
772 = 240,864,000 foot-pounds per minute, 
for each square foot of the solar surface. 
Yet, so vast is the mass contained in a 
spherical pyramid, the base of which is one 
square foot, and whose length is equal to 
the sun’s radius, that a very small longitu- 
dinal contraction suffices to develop by 
gravitation towards the sun’s centre, the 
stated enormous dynamic energy. It will 
be readily understood that the energy de- 
veloped by the shrinking of a spherical pyra- 
mid, the sides of which are sectors of the 
great circle of the sun, will represent accu- 
rately the energy produced by the shrink- 
ing of the entire mass. And, in view of 
the great dimensions of the sun and the 
formidable array of figures involved in the 
computation of the energy exerted within 
the entire sphere, the advantage of consid- 
ering only the mass covered by a single 
square foot of the solar surface will be evi- 
dent. 

Let IKS, Fig. 1, represent the great 
circle of the sun, a * a’ the spherical pyra- 
mid referred to, and Fig. 2, the said pyra- 
mid drawn to a larger scale, its axis being 
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divided into ten equal parts. It is proposed 
to ascertain what extent of longitudinal 
contraction of the spherical pyramid a m a’ 
is necessary to produce an amount of dynam- 
ic energy corresponding with that. devel- 
oped by the radiation from 1 sq. ft. of the 
solar surface in a given time. The investi- 
gation will be somewhat facilitated if we 
compute the amount of energy developed by 
a definite contraction of the sun’s radius, 
say one foot. Let us, therefure, suppose that 
aa', the distance of which is = x 
5,280 — 2,250,821,760 ft. from m, has fal- 
len through a space of one foot, the inter- 





100: 1. Hence in accordance with the ' 
demonstration referred to, a given radial 
depth of the solar mass at a, will exert a 
force towards m, 10 & 100 = 1,000 times 
greater than an equal radial depth at 2. But 
in computing the dynamic energy developed 
by the shrinking of the sun, it must be, 
borne in mind that a particle at @ falls! 
through a distance ten times greater than a | 
particle at 7. The length of the ordinates 
of the curve pt, Fig. 3, representing the | 
ratio of dynamic energy developed at 
the respective distances from the sun’s_ 
centre, has been calculated accordingly. A 


cursory examination of Fig 2, can scarcely tion that, unless it can be proved that a 


mediate points 5, c, d, ete., participating 
proportionably in the fall. Assuming that 
the solar mass remains homogeneous dur- 
ing the contraction, it follows from Newton’s 
demonstration (“ Principia” Lib. i., Prop. 
LXXIII) that, since a particle just within 
the circumference of the sphere at a, is 
ten times further from the centre m than 
a particle at /, the former will be attracted 
towards m with ten times greater force than 
the latter. It will be readily perceived 


that, for a given movement towards the 
centre, the quantity of matter put- in 
motion at a, will be greater than at /, in 
the ratio of the squares of a, a’ and /, 1 or 


fail to lead to the conclusion, that the mass 
composing the smaller sections of the 
spherical pyramid towards the centre of the 
sphere, will be attracted by the larger mass 
composing the sections towards the cireum- 
ference. Newtvn has disposed of this ques- 
tion by a geometrical demonstration, which, 
considering the form of the attracting mass, 
and the extreme complication arising from 
the varying direction and unequal magni- 
tude of the attracting forces, may be regard- 
ed as one of the most elegant of his masterly 
demonstrations of important propositions 
and theorems. It will be evident on reflec- 
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particle at P, is not attracted by any portion 
of the mass contained within the outer 
spherical superficies I K 8 and the interior 
spherical superficies P p, the mass compos- 
ing the sections near the base of the spheri- 
cal pyramid will exert the disturbing attrac- 
tion before alluded to. Our demonstration 


Fig. 2 


SOLAR ENERGY. 


of the energy produced by the attraction of 
the matter within the sun, during shrinking, 
falls to thé ground unless it can be shown 
that every particle composing the spherical 
pyramid, is in perfect repose as regards the 
attraction exerted by exterior particles. 
The great geometer thus establishes that 
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repose :—Let H i K IL be a spherical 
superficies and P a corpuscle placed within.* | 





vvonstrations relating to spherical | 
iposed of an infinite number of | 
ress of which he thus defines: 
here imagine the solids compos- 


*Sir Isaac Newton in his «« 
bodies supposed these to be 
apherical superiicies, the tin 
“ By the supertficies of which | 
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irawn to this super- 
KX, I L, intersecting 


Through P let there 
ficies the two line 





mathematical, but orbs 
18 nothing ; that in, 
ere will at last consist, 
sed, and their thickness 


ed, I do not mean superfic 
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very small ares H I, K L; and because the 
triangles H PI, LP K, are homogeneous, 
those ares will be proportional to the dis- 
tances H P, LP, and any particles at HI 
and K L of the spherical superficies, ter- 
minated by right lines passing through P, 
will be in duplicate ratio of those distances. 
Therefore the forces of these particles exert- 
ed upon the body P, are equal between them- 
selves. For the forces are as the particles 
directly, and the squares of the distances 
inversely. And these two ratios compose 
the ratio of equality. The attractions, there- 
fore, being made equally towards contrary 
parts, destroy each other. And, by a like 
reasoning, all the attractions through the 
whole spherical superficies are destroyed by 
contrary attractions. ‘Therefore the body 
P will not be anyway impelled by those 
attractions. 

Referring to Fig. 3, let us recollect that 
the ordinates of the curve p ¢, do not indi- 
cate the force exerted by mere attraction. 
As already stated, their length represents 
the dynamic energy developed at definite 
distances between the centre and the cir- 
cumference of the sphere. The energy ac- 
tually produced is represented by the super- 
ficies o p t, while the rectangle o p ut re- 
presents the energy that would be called 
torth if the force exerted at every point of 
the axis of the spherical pyramid were the 
same as that exerted at a a’. Our space 
will not admit of introducing the calcula- 
tions by which the energy represented by 
the ordinates of the curve p ¢t, have been 
computed. It will be proper, however, to 
call attention to the fact that the energy ex- 
erted at each of the divisions of the base 
line o ¢, is definite; hence the length of the 
ordinates is exact. Calculations based on 
the data thus furnished show that the su- 
perficies 0 p ¢ is 0.20015 of the superficies 
oput. 

We have before stated that the want of 
homogeneity of the solar mass will not ma- 
terially affect the amount of energy devel- 
oped by the gravitating force during the 
sun’s shrinking. Referring to the several 
figures, it will be seen that the energy 
exerted at a point half way from m, 
viz.: ordinate 5, is 0.0625 or +; of that ex- 
erted at a a’; and that the energy devel- 
oped by the mass contained within the 
spherical pyramid f m 5 amounts to only 
zy of that developed by the gravitation of 
the mass contained within the spherical 
pyramid a@ m a’. Now, the volume of the 





spherical pyramid fm 5 represents that of 
a sphere the diameter of which is one- 
half of the sun, while the spherical pyra- 
mid am a’ represents the volume of the 
entire solar mass. The energy resulting 
from the gravitation of the central spheri- 
cal mass P p being thus only ;}; of the en- 
ergy exerted by the spherical mass I K 8, 
it will be perceived that the degree of density 
of the matter towards the sun’s centre will 
not materially affect the result of our cal- 
culations founded on perfect homogeneity. 

We may now proceed to ascertain the 
amount of dynamic energy produced by the 
assumed shrinking of the axis of the 
spherical pyramid a m a’. Having already 
demonstrated that the said energy will be 
().20015 of that produced by the gravitation 
of a homogeneous mass, the section of 
which is one square foot, extending from 
the surface to the centre, it only remains to 
determine the weight of one cubic foot at 
the surface of the sun. The specific gray- 
ity of the solar mass being 85.6 lbs. per 
cubic foot, while the sun’s attraction is 
27.2 times greater than terrestrial attrac- 
tion, the weight of one cubic foot at the so- 
lar surface will be 27.2 X 85.6 = 2325.3 
Ibs.; multiplying this weight by the sun’s 
radius, expressed in feet, we have 

2328.3 x 2,250,821,000 — 5,240,633,000,000, 


multiplied by 0.20016 
shows that the gravitating energy of the 
matter contained in the spherical pyramid, 
exerted during a longitudinal contraction of 
one foot, amounts to 1,048,912,000,000 foot- 


which product 


pounds. Dividing this latter product by the 
solar energy per minute (312,000 772), 
we find that 4,355 minutes = 3.024 days, 
will elapse before the energy produced by 
constant solar radiation equals the. gravita- 
ting energy exerted during the shrinking 
of 1 ft., of the solar radius. The length of 
one year, 365.25 days, being divided by 
3.024, we learn that the annual shrinking 
of the sun’s radius amounts to 120.7 ft. 
The foregoing figures prove that, notwith- 
standing this apparently great contraction, 
a period of 1,864 years is necessary to di- 
minish the sun’s diameter +,}5,- It hard- 
ly requires explanation that this result is 
reached by dividing the sun’s radius by 
10,000 times the stated annual shrinking. 
Helmholtz, in accordance with Laplace's 
remarkable nebular hypothesis, asserts that 
the continuation of the original condensa- 
tion of the matter composing thf sun, de- 
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velops an amount of mechanical energy 
capable of generating sufficient heat to 
make good the present solar emission. Ac- 
cording to his calculations, the sun’s di- 
ameter will be reduced +;5)}5 in the course 
of 2,000 years. The practical data assumed 
by the eminent physicist being less acurate | 
than those upon which our calculations ure 
based, the discrepancy regarding time, 2,000 | 
years against 1,864 years necessary to effect 
the stated shrinking of the sun’s diameter, 
may be satisfactorily explained. It will be | 
well to observe that the intensity of the 
radiant heat will not diminish with the | 
diminished size of the sun. 
trary, for a given area of the solar surface, 


the dynamic energy produced by a given | 


rate of shrinking will be increased, since the 
mass remains the same, while the attraction 
is inversely proportional to the square of the 
distance from the centre. But the rate will 
diminish with the contraction of the sphere ; 
hence a shrinking of ;';th of the sun’s di- 


ameter instead of oce upying 1000 &K 1864 


= 1,864,000 years, will require somewhat 
more than 2,000,000 years. 
that period, the gravitating energy will 
continue to develop as at present, an amount 
of dynamic energy represented by 312,000 
thermal units per minute for each super- 
ficial foot; but the radiating surface, 7. e. 
the area of the solar disk, will have dimin- 
ished in the ratio of 10? to 9? 

The present maximum temperature pro- 
duced by solar radiation on the ecliptic 
when the earth is in aphelion, being 67.2 
deg., while the intensity of radiant heat di- 
minishes as the area of the radiating sur- 
face, it follows that at the end of 2,000,000 


years from the present time, the tropical | 


67.2 


; ‘ : 4? xX 
solar intensity will be reduced to Tu? 


54.4 deg. — unless Prof. Tyndall’s opinion 
is correct, that the earth in common with 


the other planets must “creep in, age by | 


age, towards the sun.”* But the pace is no 


doubt so slow that our calculations will not | 
hence applying the | 


be seriously affected ; 
foregoing demonstrations to the past, it will 
be seen that the temperature produced by 
solar radiation 2,000,000 years ago must 
have been, owing to the greater diameter of | 
112 X 67.2 
1? 

81 deg. within the tropics. We are justified | 
in assuming that the increased evaporation 


the sun at that period, nearly 





* See ‘‘ Heat as a Mode of Motion,” page 499. 


On the con- | 


At the end of | 


| difference = 13.8 


of the sea and the consequent humidity of 
the atmosphere, modified the stated solar 
intensity, calling forth the luxuriant flora 
which geology has made us acquainted with. 
The computed diminution of solar intensity 
67 deg. — 54 deg. = 13 deg. during the 
next 2,000,000 years, will probably be 
| deomed d extravagant by those who do not 
| bear in mind that the c omputation must be 
| based on the assumption that a constant 
| power will be exerted during the stated 
period, capable of developing as at present, 
| the stupendous energy of 240 millions of 
foot- pounds in a single minute, for each 
square foot of the surface of a sphere whose 
diameter exceeds 850,000 miles. This in- 
conceivable amount of work cannot be per- 
formed with a less expenditure than the 
motive energy developed by the fall of 
a mass equal to the mass contained in 
the sun, the weight of which is nearly a 
thousand times greater than the weight of 
all the planets of the system. Obviously, a 
continuous development of such an amount 
of energy is physically impossible, since 
there is a limit to the distance through 
| which the weight can fall. Now, the fore- 
going demonstration enables us to deter- 
mine the said limit, with sufficient exact- 





ness to prove that although the efficiency of 
the great motor during the past, may be 
measured by hundreds of millions of years, 
its future efficiency will be of comparatively 


| brief duration. 

Statements relating to the permanency of 
solar heat, based on the assumption that no 
diminution has been observed during his- 
toric times, have no weight in view of our 
demonstration showing that a shrinking of 
}, of the sun’s diameter can only reduce 
the intensity from 81 deg. to 67.2 deg., 
3 deg. in the course of two 
millions of years. This period being 500 
|times longer than ‘ historic times,” say 
4,000 years, it will be seen that the dim- 
inution of the temperature — by 
13.8 
5UU ee 
Fahr., since the erection 


solar radiation has not exceeded 


0.027, or |, deg. 
of the Pyramids. 
| It will be proper to observe before con- 
cluding our brief investigation of the source 
of solar energy, that the development of 
"| heat by the shrinking of the sun, however 
fully demonstrated, Teaves the important 
| question unanswered: How is the heat 
generated by gravitation within the mass, 
transmitted to the surface? If the matter 
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within the sun is a perfect conductor of 
heat—a very improbable supposition—that 
fact alone furnishes a satisfactory answer. 
Imperfect conductivity, on the other hand, 
calls for other means of transmitting the 
energy from within, to make good the 
enormous loss cavsed by the external radia- 
tion. Besides, the falling of the crust at 
the rate of 10 ft. per month, attended by 
increase of internal pressure and probably 
ejection of gaseous matter, together with 
the disturbance occasioned by contraction 
at the surface, disclose a mechanism of 
startling complexity. But, the parting with 
312,000 thermal units for each square foot 
of the solar surface, involving an expendi- 
ture of kinetic energy of fully 240,000,000 
foot-pounds per minute, cannot be made 
good in that brief space of time, unless the 
sun ‘shrinks at the rate ascertained by our 
calculations. 

The development of solar energy in ac- 
cordance with the combustion hypothesis 
(lately resuscitated by M. E. Vicaire), merits 
no consideration; while careful investiga- 


ever, that the mechanical difficulties alluded 
to, especially those relating to the means of 
transmitting the heat to the surface of the 
sun, any temporary local derangement of 
which must be productive of dark spots, for 
a time, are of such a nature that the sup- 
posed absolute certainty of solar radiation 
may be questioned. Nor is evidence want- 
ing to show that the solar mechanism is 
liable to derangement. History informs us 
that the great luminary has, during several 
seasons, partially failed to perform its func- 
tions. 

Herschel states in his “ Outlines of As- 
tronomy,” that “in the annals of the year 
A. D. 536, the sun is said to have suffered a 
great diminution of light, which continued 
fourteen months. From October, A. D. 626, 
to the following June, a defaleation of light 
to the extent of one-half is recorded ; and in 
A. D. 1547, during three days, the sun is 
said to have been so darkened that stars were 
seen in the daytime.” Again, the glacial 
periods, the ascertained abrupt termination 
and recurrence of which puzzles the geolo- 


tion has proved the meteoric hypothesis tu | gist, point to periodical derangement of the 


be untenable. 


It must be admitted, how-! solar mechanism in past ages. 





,LHE SOURCE OF THE SOLAR HEAT. 


By MAXWELL HALL, B. A. 


From ‘‘ Monthly Notices of the Royal Astronomical Society, April, 1872." 


Let us suppose that the mass of the Sun 
is slowly, but continually, contracting; 
then, in consequence of the enormous mass 
subjected to this contraction, an enormous 
amount of heat will be developed, and it 
will be found that the rate or amount of 
contraction necessary to produce the 
amount of heat radiated by the Sun into 
space, is so remarkably small, that ages 
must elapse before the effect of this con- 
traction can become visible to us at our 
comparatively great distance from the Sun. 

In order to show that this is the case, let 
one foot and one second be taken as the 
units of space and time, and suppose that 
each unit of volume of the Sun’s mass con- 
tracts by the same amount in the same 
time, so that if z, be the linear contraction 
of the Sun’s radius 7, in one second, and 
if z be the contraction of any other length 
r, measured from the centre, and for the 
same duration of time, then 

Zz re 


“o 4o 





The effect of this contraction may thus be 
compared to a series of intermittent pulsa- 
tions, acting throughout the whole of the 
mass, and tending to diminish the volume. 
Let g, be the force of gravity at the sur- 
face of the Sun, and let g be the force of 
gravity at any point within the Sun’s mass 
considered homogeneous, whose distance is 
r from the centre; then 

q e 


Jo  t9- 
Again, let @ be the mean density of the 
Sun’s mass, so that the weight of any thin 
concentric shell, whose radius is 7 and 
thickness dv, will be 47gor°dr; and, 
since every unit of mass in this shell falls 
through z feet towards the centre in a sec- 
ond of time, 477 ge2z7" dr will be the kinetic 
energy generated and destroyed every sec- 
ond by this shell alone ; and therefore 


ro 
J 4nrqzr?dr 
° 


will be the whole kinetic energy destroyed 





ee ee ee a 





every second of time, and we proceed to 
find the corresponding amount of heat 
evolved. Now 

we 4rdnp2Z f” 4 

4nrqpzr? dr = ——"_* f +4 ere. S —e 
fs ge ro? : dr 5 * To? 2070 ° 
and this is the kinetic energy destroyed by 
the fall of a weight 


4 3 
B 7JoP% 


through a height of z, feet, or by the fall 
of a weight 
4n nl 75 r3 


5 xX 1390 


through a height of 1390 feet; but the fall 
of one pound avoirdupois through a height 
ae ST . ee F 
of 1390 feet generates sufficient heat to 
raise one pound of water through 1° cen- 
igrade, or it generates one thermal unit; 
wence by expressing 
4nq p%n™ 3 
5 xX ldvu 


in foot-pounds we shall get the number of 
thermal units generated every second of 
time. Now g,¢ is the weight of a cubic 
foot of the Sun’s mass at the surface, and 
since 


Jo = 27.20 times the force of terrestrial 
gravity, and 
1.43 times the density of water, 
therefore 
900 = 27.20 K 1.43 times the weight of 
a cubic foot of water at the surface of the 
earth. But a cubic foot of water weighs 
62.5 pounds, so that 7,9 = 2431 pounds. 
Therefore ; 


? 3 


4ez,17r,° x 2431 
ox is” 


when both 7, and z, are expressed in feet, 
will give us the number of thermal units 
generated every second of time. 

Now, it has been found by observation 
that the heat emitted by the Sun to the 
Earth is sufficient to melt a sheet of ice 
whose thickness is 0.01093 in., when ex- 
posed perpendicularly to the Solar rays for 
one minute (Sir John Herschel, ‘‘ Meteor- 
ology”), due allowance having been made 
for the heat absorbed by the atmosphere ; 
and, therefore, in one second, a sheet of ice 
whose thickness is 0.0000152 ft. will thus 
be melted ; so that, if @ be the mean dis- 
tance of the Earth from the Sun, expressed 
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in feet, a spherical shell of ice, whose radius 
is a and thickness 0.0000152 ft. will be the 
volume of ice incubic feet melted every 
second by the whole of the radiant Solar 
heat. But one pound of ice has a volume 
equal to (0.2584)* cubic feet, therefore 


4a? x 0.0000152 
~ (0.2584)* 


will be the weight of the ice in pounds thus 
melted. 
Again, in order to melt one pound of ice, 


4nru2X 79.25 x 0.00091523 
(U.2584)% 


79.25 thermal units are required ; and thus 
the whole Solar heat evolved in one second 
of time is equal to 


42a? X 79.95 © A, GNNN159 


————— thermal units. 
(U.2084)* 
Now by equating the heat generated to 
the heat evolved in one second, we get 


492,173 X 2431 47a? X 79 29 X 0.0000152 


5 X 1390 ~ (0.2584) . 


and the contraction z, is therefore only 
0.000004079 ft. in one second, or 129 ft. 
per annum ; and, as we have already said, 
ages must elapse before the effect of this 
contraction can become visible to us, 
whether we compare direct measures of the 
Solar disk or observed periods of axial ro- 
tation. 

The contraction, therefore, is so small, 
that as much allowance can be made for 
the assumptions introduced above as may 
be thought necessary, without altering our 
general conclusion in the slightest degree, 
namely, that the source of the Solar heat 
and light is connected with the mechanical 
theory of heat by means of the contraction 
of the composing mass. 

The application of this theory to other 
bodies is almost without limit ; the Earth 
has contracted, and has stored up a corre- 
sponding amount of heat in the non-con- 
ducting rocks and soils ; the stars, by their 
intrinsic brilliancy, indicate the operation 
of the force of gravity upon contracting 
matter; the nebule afford examples of the 
commencement of this operation ; and peri- 
odical variations in light now become per- 
turbations, the effect of disturbing masses 
in motion, producing endless changes sub- 
ject to the great principle known as the 
conservation of energy. 
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THE ROLLING OF SHIPS*. 


By P. WATTS. 


From ‘‘The Annual of the Royal School of Naval Architecture and Marine Engineering.” 


Among the many subjects relative to the 
designing of ships which have occupied the 
attention of scientific men of late years, 
there is none more important or more diffi- 
cult than the rolling of ships at sea, involv- 
ing, as it does, elements in their construction 
which may not be neglected with impunity. 
Hitherto, so far as practical shipbuilders 
are concerned, this matter has scarcely, if at 
all, been considered, except in their en- 
deavor to provide sufficiently for the strains 
which the structure must undergo when 
subject to the action of the wind and waves; 
but there are other considerations in con- 
nection with the subject which are almost 
as important, on which much of the ship’s 
safety depends, and these are generally 
neglected. Many a well-built vessel that 
has foundered at sea would probably have 
had a successful career for years had she 
been so designed as to comply with theoreti- 
eal requirements, and thus it should be the 
earnest endeavor of all concerned to perfect, 
as far as possible, our present knowledge of 
the subject, and put in practice what is al- 
ready known. To this end a_ succinct 
account of the results at present obtained 
may possibly be of service. 

In dealing with the subject we shall first 
take the most simple case—that of a ship | 
rolling in still water—neglecting the resist- | 
ance of the water, and supposing the vessel 
to be rolling so that she constantly displaces 
a quantity of water equal to her weight. 
Not that these limitations are inconsiderable, 
but because by allowing them we are en- 
abled to make the following construction, 
which will materially assist our conception 
of how the vessel rolls. 

Let Fig. 1 represent the ship rolling in 
the direction indicated by the arrow, W W 
being the water line in her present position. 
We suppose her to have been heeled over 
to some inclination such as that indicated 
by the position of the water line w w, and | 
then allowed to oscillate freely under the 
action of her weight and the upward pres- 
sure of the water alone. Let G be her 
centre of gravity, and B B’ the centres of 
buoyancy corresponding to the upright and 
inclined positions respectively, so that M is 
the metacentre——. ¢., the point where B M, 
the vertical through B’, intersects the original 








vertical through B and G—the angle of incli- 
nation being small. Then, as is well known, 
M Gis a measure of the righting jorce— 
i. é., of the effort exerted to turn the ship 
towards the upright position. It is this 
righting force which makes the ship oscil- 
late: as she rolls from the extreme position 
on one side the righting force gradually 


| diminishes, and in the upright position 


Fie. 1. 








vanishes, but in rolling through this angle 
it accumulates an amount of work which is 
just sufficient to carry the vessel to the same 


inclination on the other side. This is evi- 
dent from the fact that the dynamical 
stability up to an equal angle of inclination 
on each side is the same—tor the work ac- 
cumulated by the righting couple, as the 
vessel passes from the extreme position to 
the upright, is the dynamical stability cor- 
responding to the angle of heel, and, of 
course, this is just the work which is re- 
quired to incline her to the same angle on 
the other side. The motion of the ship 
oscillating thus about her upright position 
is analogous to that of a pendulum, the 
principal difference being that whereas the 
bob of a pendulum turns about a fixed 


‘point—the point of suspension—the axis 


about which the vessel rolls moves through 
a certain path dependent on the position of 
the centre of gravity, and on the figure of 
the vessel. We proceed to trace this path. 

Let us imagine a surface which will con- 
stantly touch the plane of the water—sup- 
posing it to be continued right through the 
vessel—as she rolls from side to side; this 
surface, indicated by a be, is called the 
surface of flotation. 
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| 


Now, let us suppose this surface of flota- | 
tion together with the surface of the water 
to become rigid surfaces without friction, 
conceiving the former to be capable of roll- 
ing and sliding upon the latter without 
being interfered with by the material parts 
of the vessel, except in so far as it will be | 
influenced by the forces of weight and 
buoyancy acting vertically through the 
centres of gravity and buoyancy respective- 
ly. The motion of the ship under these 
circumstances, supported by its surface of 
flotation resting upon the rigid but perfect- 
ly smooth water plane, will in all respects 
be the same (restricted as we have sup- 
posed) as if it rolled in the water un- 
influenced by these imaginary surfaces. 
The problem is thus reduced to that of 
the motion of a solid body, without weight 
and of fair external surface, upon a 
smooth horizontal plane acted upon by cer- 
tain forces. 

The instantaneous axis* about which a 
body is turning is known when the motions 
of any two fixed points in the body are 
known. The forces of weight and buoy- 


ancy being wholly vertical, the centre of 
gravity must move in a vertical line; 
therefore if G be the centre of gravity, the 


instantaneous axis must be in the horizontal 
line GO. Also, as the surface of flotation 
slides upon the plane of the water the in- 
stantaneous direction of H, its point of 
contact, must be along the plane of the 
water, hence the instantaneous axis must 
lie in H O, and therefore it is the point O 
where G Oand H O intersect. From this we 
see (following out the process through the 
entire motion) that the locus of the instan- 
taneous axis as a ship rolls from side to 
side will be some such curve as that indi- 
cated by the dotted line O GO passing 
through the centre of gravity and turned 
up towards its extremities. It may be 
readily shown from the dynamical equation 
of a ship rolling under these circumstances, 
that the time of her roll or oscillation is 
practically the same as that of a simple | 
pendulum whose length is equal to the 
square of her radius of gyration divided by 
the height of the metacentre above the 
centre of gravity. 

This kind of imaginary rolling (water 
set in motion, ete., being neglected) is 
| 

* This is the axis about which a body may be supposed to | 
turn through a very small angle, considering its motion at | 


any particular instant. The construction of the instantaneous 
axis yiven above was pointed out by Canon Moseley. 





called wnresisted rolling in still water. 
The time of a roll is usually measured by 
the time it takes for the ship to pass the 


| upright position twice moving in the same 


direction ; it corresponds to what is called a 
double oscillation in a pendulum. 

If we remove the limitations we have 
made, the case is very materially altered. 
The keel and sharp parts of the floor and 
the bilge keels (if the ship has any) tend to 
set in motion large volumes of water, and 
the resistance thus caused has a steadying 
effect on the vessel, diminishing the extent 
of rolling and lengthening the periodic time. 
Professor Rankine has shown that by these 
causes the extent of rolling is diminished 
nearly in geometrical progression at a rate 
increasing with te amount of resistance 
offered, and diminishing as the moment of 
inertia is increased ; and that the time of 
rolling is increased in the same way as if 
the radius of gyration were increased in a 
certain ratio depending directly on the 
amount of resistance exerted, and inversely 
on the height of the metacentre above the 
centre of gravity. —— 

As regards the instantaneous axis, in 
passing the upright position she will be 
generally turning about a point a small 
distance below the centre of gravity, and 
the locus of the instantaneous axis will 
probably be considerably turned down and 
looped towards its extremities, rather than 
turned up as shown in the figure. 

By bearing in mind the locus traced by 
the instantaneous axis as the ship rolls, we 


‘are enabled to form a good idea of the 


lurching or rolling motion she undergoes. 
The consideration of the rolling of ships 


| in still water is of considerable importance, 


as it depends upon elements in their de- 
sign which largely determine their rolling 
properties among waves. In fact, as we 
shall presently show, when their time of 
unresisted rolling in still water is known, 


| their behavior among waves so far as rolling 


: “e ' ? 
is concerned may be fairly estimated. We 
shall now pass on to consider the rolling of 


|ships among waves, and in doing so we 


shall first examine somewhat the nature and 
character of waves, in order to more readily 


| understand the action of the hydrodynamic 


forces they exert. 

We shall deal with deep water waves, 
the depth being such as not to interfere 
with the form of the waves, and shall con- 
sider the disturbing cause—the wind—to 
have subsided, and the ocean to be traversed 
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by uniform waves of the same size running 
parallel to one another. It is only the form 
of such waves that travels. Theory and 
observation agree in showing that every 
particle of water affected by these waves 
uniformly describes a circle about a point 
rather above its still water position, as each 
successive undulation passes it, and we may 
consider that it is this motion of the water, 
as a body, which gives the waves their form 
and speed. The length of a wave is the 
distance between two successive hollows or 
crests, measured in the direction in which 
the wave travels; the height of a wave is 
the vertical distance between the hollow and 
crest; and the time or period of oscillation 
is the time it takes to traverse its whole 
length. 

We will consider the motion of a particle 
of water on the surface as it is traversed 
by a wave—commencing from the instant 
when it is in the middle of the hollow be- 


tween two crests. Suppose the wave to be 
passing from right to left. As it moves 
towards the particle, the latter rises upon 
its surface, and at the same time moves 
slowly towards the crest from left to right, 
this second movement, however, only con- 
tinuing while the waves run through rather 
more than half the distance between the hol- 
low and the crest, during which time the 
particle describes the lower right-hand quad- 
rant of the circle. It then begins to move 
backwards from right to left with the crest, 
at the same time being raised by the sur- 
face of the wave, describing the upper 
right-hand quadrant of the circle, which it 
will have completed when the top of the 
crest overtakes it. It will then be imme- 


diately over the point from which it started. 
As the wave passes on, it continues moving 
with it in direction, and at the same time 
descends on the back slope of the wave, de- 
scribing the upper left-hand quadrant of 


Fia. 2. 


S 


the circle ; it then moves slowly backwards 
from the crest, continuing down the back 
slope of the wave through the lower left- | 
hand quadrant, arriving finally at the in- 
stant the wave passes it at the same point 
from which it started, having described a 
circle of the same diameter as the height of 
the wave.* . The whole of the surface par- 
ticles will, of course, be affected in exactly 
the same way. With regard to the motion 
of the water below the surface during the 
passage of a wave, every particle describes 
a circle in a manner similar to that of the 
surface particles, but with this difference— | 


the radii are smaller, and decrease in a cer- | 





* Itis evident that the profile of such waves will be of tro- 
choidal form. 


tain ratio which depends on the depth from 
the surface. 

Let Fig. 2 represent a wave such as we 
are describing. The circles a, b, c, ete., 
are paths described by a number of parti- 
cles which, if the water were at rest, would 
be in a vertical line and equidistant from 
each other. The motion undergone by this 
line of particles may be readily followed by 
keeping in mind how each particle tra- 
verses its orbit as the wave passes. The 
dots in the lines abe d, ete., indicate the 
positions occupied by these particles as they 
are passed by the corresponding parts of 
the wave. At the middle of a hollow they 
are in a vertical line, and are depressed 
from the still water position, being closer 
together the nearer they are to the surface. 
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When the crest of the wave passes they 
are again in a vertical line, but they are 
raised above their still water position, being 
further apart the nearer they are to the 
surface. In the intermediate positions, be- 
tween the hollow and crest, the line they 
are in bends toward the crest in such a way 
that its inclination to the vertical at the top 
is at each instant practically equal to the 
slope of the wave at that point—that is, to 
the inclination of the surface of the wave to 
the horizon. The still water positions cor- 


responding to the lines a b ¢, etc., being at | 


equal distances apart, the shapes inclosed 
between these lines and the surface of the 
wave indicate the change in configuration 
undergone by a block of water as the wave 
yasses. Itis very important to observe this 
change, as the motion of any body, such as 
a ship, floating on the wave, must naturally 
be largely influenced by it, the water tend- 
ing of course to carry the body with it. 
Suppose a ship to be floating broadside 
on among waves such as we have described; 
where they are long, compared with the 
draught of water of the ship, we may con- 
sider that to the depth of her draught be- 
low the surface the particles of water 
practically revolve in circles of equal radii. 
Neglecting for the present the action of the 


water upon,the ship, due to the change of 


configuration it undergoes as the wave 


passes, the forces acting upon her are ex- | 


actly the same as those which would act 
upon her in still water, combined in each 
case with the centrifugal force with which 
the particles of water at the surface are re- 
volving—for the pressure exerted by the 
water upon any point of the surface of the 
ship is the resultant of the pressure which 
would act on this point in still water, com- 
bined with the centrifugal force with 
which the particles of water are rotating, 
and so on’ over the whole of her im- 
mersed surface. Hence the resultant 
pressure of water upon the vessel is the 
resultant effect of the pressure which would 
act on her in still water, combined with the 
centrifugal force, and it acts (by a well- 
known prinaple in hydrodynamics) through 
the centre of buoyancy perpendicular to the 
the wave at this part. 
gravity of ship describes a circle, as each 


wave passes, of practically the same diame- | 


ter as the particles of water in contact with 


her surface, so that she exerts an equal and | 


opposite pressure upon the water. 
we have nearly the same forces acting on 


Hence | 
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the ship as there would be in still water, 
| only that they act in a direction constantly 
'normal to the wave surface, and she will 
have a tendency to keep normal to the wave 
surface, which will nearly equal her tenden- 
cy to keep upright 1m still water,* and if she 
be inclined from this normal, the same 
couple, practically, tends to restore her to it 
as in still water would tend to restore her to 
the upright if she were inclined from it by 
‘the same amount. Ordinary ships will not, 
however, keep normal to the wave surface. 
We have already referred to one cause tend- 
ing to prevent this t—viz., the change in 
the configuration undergone by the water 
‘relatively to the wave surface. This is 
modified by the ship’s inertia, which tends 
to make her perform oscillations about the 
normal to the wave surface in the same 
periodic time as in still water. The action 
of the waves, however, is such that the ves- 
sel iscompelled to perform these oscillations 
in the same time as the waves. Thus we 
may regard the rolling of a ship among 
waves as made up of the motion she would 
have supposing she always kept normal to 
the wave surface, combined with the oscilla- 
tion she performs about the normal to the 
wave.t The tendency to keep the ship 
normal to the wave surface is called stiffness, 
while the tendency to keep her vertical is 
called steadiness. 

With the supposition we have made, 
neglecting also the resistance of the water, 
the exact differential equation of the motion 
of the ship may be written down, and though 
it has not yet been solved, a very approxi- 
mate equation has, and from it we gather 
the following results, which are verified by 
experience :—If the radius of gyration of 
the ship and the height of the metacentre 
be such that her time of wnresisted rolling 
in still water is the same as the time of the 
vaves, each roll of the ship as she is passed 
by successive waves will be increased in 
amplitude by a constant amount varying 
directly as the maximum slope of the wave, 
so that but for the friction of the surface, 
and the resistance to motion offered by the 
keels, sharp parts of the floor, ete., the ship 
must eventually roll completely over, no mat- 


Also the centre of | 


* This tendency was pointed out by Mr. Froude, in 1861, It 
was the first great step towards our present knowledge on the 
rolling of ships 

t At sea there are many causes tending to do this ; such as 
| variations in the foree and direction of the wind, irregularity 
in the shape of the waves, ete. 
| In dealing with the safety of ships among waves, their eX 
| treme inclination to this normal must be taken. 
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ter to what angle she may possess stability, | 
or how small the waves may be; and the 
more nearly her time of unresisted rolling | 
in still water approximates to the time of'| 
the waves, the more nearly will this result 
be approached. From this we infer that in | 
designing it is desirable to arrange so that | 
the ship’s time of unresisted rolling i in still 
water may be as long as possible, in order 
that she may not be likely often to meet | 
with waves of her own period. | 
We have already, in dealing with ships | 
rolling in still water, explained the nature | 
of the resistance to rolling offered by the | 
water, arising from the fact that part of the | 
force tending to make the ship roll is ex- 
pended in setting in motion large volumes | 
of water through the medium of her keels, 
skin resistances, ete. This is equally true 
in the case of the ship among waves, besides 
which the motion of the water relativ ely to 
the wave surface may not be neglected, the 
tendency of the ship to follow this motion 
offering considerable resistance to her roll- 
ing. The nature of this action is very ap- 


parent from what we have said of the motion 
of vertical columns of water during the pass- 
ing of a wave. 


Let us consider the two following extreme 
cases :—Ist. The case of a flat board, such 
as A, floating on the surface of the water ; 
this we may consider a form of unlimited 
stability—it follows the wave surface. 2dly. 
That of a thin weightless board, B, of no 
stability, floating so that it would be 
vertical if the water were at rest—it fol- 
lows the motion of the particles of water 
of the originally vertical columns, and 
therefore, as we have seen, its inclination 
to the perpendicular at any instant is 
approximately the same as the slope of 
the wave at that point, and therefore the 
same as the inclination of A to the hori- 
zontal, supposing A and B to occupy about 
the same position on the wave. We ob- 
serve that the wave surface as it moves 
along tends to turn A in the direction indi- 
cated by the small arrow above it, but the 
originally vertical column of water in which 
B floats tends to turn B in the opposite di- 
rection, so that these two actions are of a| 
conflicting character ; and if we were to se- | 
cure B to the under side of A perpendicular | 
to it, they would evidently undergo an in- | 
termediate motion. 
with a ship—the action of the waves upon | 
that part of the ship between wind and | 
Water is opposed to their action upon the | 





keel and sharp parts of the floor ; the com- 
bined effect being a tendency on the part of 
the waves to make her take an interme- 
diate course, as shown at C. 

It would be dangerous to attempt to make 
|a ship roll like the flat board on the surface 
| of large waves, as might be done approxi- 
mately, by making her stability very great, 
concentrating the weights at the centre of 
gravity, and increasing her breadth, for by 
so doing we should only reduce her time of 
unresisted rolling in still water so that she 
would be frequently falling in with smaler 
waves among which she “would roll very 
considerably. A ship may be made to roll 
like the board in the second case, with the 
originally vertical particles of water, by 
making her periodic time of unresisted roll- 
ing in still water, divided by the period of 
the waves, equal to 7/ 2 In this case the 
ship is upright at the middle of the hollow 
between two waves, and on tlie top of the 
crest, and there would be a like result if 
she were to roll like the flat board on the 
surface of the water. In both of these 
cases the angle through which she rolls is 
evidently the same as the maximum slope 
of the wave. 

If her periodic titne of unresisted rolling 
in still water be /ess than the 7/2, the up- 
right positions occur before the arrival of 
the hollows and crests, and if greater, after 
the arrival of the hollows and crests; in 
the first case the maximum angle of heel of 
the ship is greater than a certain quantity, 
the height of the wave divided by the diam- 
eter of a circle whose circumference is 
equal to the length of the wave, but in the 
second case it is less than this quantity. 

Thus on the whole we see it is desirable 
to lengthen the time of unresisted rolling 
in still water as much as possible. This, 
as we have already pointed out, may be 
done by lengthening the ship’s radius of 
gyration and decreasing the distance be- 
tween the centre of gravity and metacen- 
tre. The radius of gyration may be in- 
creased by weighing out the weights—that 
is, by placing them as near the sides of the 
ship as possible without lowering them. 
Considerable facility is afforded for doing 
‘this in a war vessel in the disposition of the 
armor and guns, by placing them well out 
on the sides as far from the middle of the 

possible. The distance between the 
centre of gravity and the metacentre may 
be diminished by raising the centre of grav- 
ity—that is, by raising the weights bodily. 
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| 
This we may do only to a very limited ex- | 
tent, for the tendency which the ship exerts 
to keep upright, and to return to the up- 
right when inclined, depends both in 
amount and in the extent of the angle of 
inclination on the lowness of the position of 
the centre of gravity. 

We have supposed the vessel to be roll- 
ing broadside-on to the waves; if she be 
in motion and her course be inclined to the 
direction traversed by the waves instead of 
perpendicular to it, the apparent time of 
the waves relatively to the ship must be 
taken in dealing with the question of her roll- 
ing—that is, the time that elapses between 
the passing of two successive crests or hol- 
lows. Thus the effective wave period may 
be varied very considerably by changes in 
the direction and speed of the vessel. 


Our present knowledge of the rolling of 
ships among waves is largely due to the la- 
bors of several of the members of: the In- 
stitution of Naval Architects, and in deal- 
ing with the subject our object has been to 
condense ‘the results of their investigations 
and make them intelligible to the general 
reader. At the first meeting of this insti- 
tution, March, 1860, Dr. Woolley, who 
read a paper “ On the Present State of the 
Mathematical Theory of Naval Architec- 
ture,” expressed his regret that so little 
reliable information was possessed on 
this subject. Since that time, however, 
it has been so thoroughly dealt with, at 
least so far as theory is concerned, that 
it would seem that little more can be done 
except in the way of experimental investi- 
gation. 





ANCIENT MINING—THE GRECIAN MINES REOPENED. 


From the * Mining Journal.” 


THE MINES OF LAURIUM. | 
Erichthonius was king of Athens 1,400 | 


preparations for the long and costly Pelo- 
ponesian war. The State leased mining 


years and more before Christ, at the time | rights which were perpetual, alienable, and 
when the great Sesostris commanded the | transmissible by will, for sums varying from 


armies of Egypt in Syria, Mesopotamia, | one to two talents (£220 to £440), and the 
Armenia, and Asia Minor, and Moses led } operators hired slaves even from Macedonia 


the Hebrews into the Wilderness of Sin. | 
Then were first discovered the silver-lead | 
veins running between the mica schist and | 
limestone formations of the promontory of | 
Laurium, stretching from Cape Sunium to 
Athens. So Pliny says. From its moun- 
tain tops, 1,000 ft. high, the spectator be- 
holds the peaks of Euboea, the Isles of the 
Cyclades, the Bay of Salamis, and the shores 
of Argolis, as far as the heights of Lacede- 
monia, Corinth, and the steeps of Arcadia, 
all that theatre in which was played the 
immortal drama of six centuries, from the 
departure of Xerxes to the arrival of the | 
Goths. 

Under the government of Themistocles 
each of the 20,000 free citizens of Athens 
received 10 silver drachmas aunually as a 
State tax of 4 per cent on the total product | 
of the mines, which, therefore, must have | 
amounted to 4,800,000 drachmas, or £175,- | 
000. The residue of the Athenians, 280,000 | 
in number, were slaves, and got nothing. 
The mines were worked by slaves. Thirty 
years later, Pericles built with the silver of 
Laurium the Parthenon and other splendid 
monuments of Athens, and made abundant ! 





and Thrace. There was a ‘ metal court” 
and “metallic laws” to settle contested 
boundaries, underground riots and contests, 
the robbing of pillars, and the improper 
driving of adits and galleries to the injury 
of neighboring rights. 

The war broke out. Laurium became a 
marked point of strategy. The coast was 
ravaged, the mines stopped up. ‘Then the 
invading allies were driven off and the mines 
re-opened, and the Athenian mint resumed 
its wonted activity. But the Syracusan ex- 
pedition failed, and Attica received a death 
wound. Finally the traitor Alcibiades in- 


| duced the Spartans to make thorough work 


with Laurium. The mining regions were 
again invaded, conquered, desolated ; 20,000 
slaves revolted and fled. Athens fell. 
After the return of Thrasybulus, some 
attempts were made to reorganize the mines, 
but their prosperity never returned. Their 
skilled labor was scattered ; the mining and 
metallurgical traditions were lost; the 
sources of capital were dried up. Xenophon 
indeed wrote a work on “ Revenue,” devot- 
ing a whole chapter of it to the mines of 
Laurium, proposing the opening of new 
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veins, a co-operative enterprise by the ten 
tribes of Athens, and the fortification of the 
mining districts in view of future wars. 


And his counsels were listened to. For | 


awhile wealth again flowed into the city. 
But in the first century of the Christian eraa 
grand revolt of the slave miners, who were 
most inhumanly treated by the operators, 
quenched the entire industry in a sea of fire 
and blood, never again to be revived until 
18 centur es had elapsed. 

In Strabo’s time, 10 to 15 B. C., the veins 
of metal were accounted to be exhausted ; 
and all that was attempted was to smelt the 
debris or refuse heaps of former times. No 
doubt this meant only that the workings 
had reached what was to the Greek engi- 
neers an unprofitable depth. There is no 
good reason for supposing that with steam- 
hoisting machines and pumps, gunpowder 
and ventilating fans, the argentiterous lead 
veins would not be more productive now 
than ever they were in the palmy days of 
Pericles. Six slaves accomplished no more 
work than one of our free miners with the 
aid of powder and steam. Their only tools 
were an iron pick with a flat head, and a 
little chisel, made of round iron drawn to a 
point. Yet with only these they sunk and 
drove several thousand shafts and galleries, 
and excavated piecemeal enormous cham- 
bers in the marble and tough mica schist. 
The most ancient works communicate with 
the surface by long inclined gangways ; but 
subsequently the mining grounds were 
reached by vertical pits sometimes 350 ft. 
deep, always square (usually 5 ft. by 6 ft.), 
with smooth sides, and furnished with off- 
sets for ladders at regular distances. In 
this vast labyrinth of abandoned works the 
marks of the tool are as fresh as if made 
yesterday, and the tools themselves, dropped 
at the signal for revolt, are found lying on 
the heaps of fall. The galleries along 
which the files of hed carriers took up their 
wretched march to and fro, are methodically 
marked by little piles of stones, long since 
cemented together by stalactite concretion. 
Ancient lamps are found in niches, black 
with ancient smoke. And near the bot- 
toms of the pits rude sketches made in the 
wall with a pick, mark temporary resting 
places of those who climbed the ladders or 
posts uf underground foremen who regula- 
ted their order of ascent. But not a lamp 
now shines, not a pick is heard, not a ghost 
of all that crowd of half-naked aud half- 
‘desperate workmen remains to tell the tale. 


When the mineral reached the surface it 

. . mn 
was sledged to pieces and picked. The 
| leaner ores were pounded fine in mortars of 


iron or hard stone, and washed to increase 
its fineness. The washing troughs are very 
numerous; many of them are covered over 
with cinders of a subsequent age when the 
tailings were exploited instead of the mines. 
They are quadrangular basins, lined with 
| cement, connected by channels, the whole 
| forming squares of 35 or 40 ft. on a side. 
| In the midst is a horizontal area slightly 
‘inclined. The gudgeon holes of a jigging 
|machine are to be seen in the sides of one 
|of these basins, the others serving only to 
receive the washed ore of greatest density 
|and richness. Water was evidently pre- 
cious, for it was collected in great cylindrical 
|or quadrangular cisterns, excavated in the 
| rocks and cemented, holding from 3,500 to 
| 16,000 cubic ft. Rock-cut stairways served 
| the workmen for cleaning out the pools. 

| Enormous mounds of tailings exist around 
| the mountains, holding 6 to 7 per cent. of 
‘lead, and from 34 to 4 oz. of silver to the 
‘ton. ‘The foundries were ordinarily placed 
near the mines, but some were on the sea- 
shore, at Thorico, Cypriano, Ergasteria, 
Pacha, and Lagrana. Others were distribu- 
ted among the villages of the interior, now 
called Megala-pephka, Berzeko, Sinterini, 
etc. Some of the furnaces have been dis- 
interred from beneath mounds of scoria. 
They were low cylindrical hollow stones of 
mica schist or trachyte, about 3 ft. in diam- 
eter, heated with charcoal from the neigh- 
boring forests, or brought from the moun- 
tains of Macedonia and Thrace, and blown 
with (goatskin) bellows worked by hand. 
High chimneys were built to carry off the 
noxious gases. 

The products of fusion were: 1. A lead 
matt holding from 50 to 100 oz. of silver 
to the ton; 2. Scoria; 3. Oxide of zine, 
which condensed in the chimney or on the 
furnace walls in layers, and was sold to the 
physicians. The matt was then cupelled 
under a current of air, the lead oxidized to 
litharge, and the silver button left in the 
bottom of the crucible. Pliny cvlls the 
litharge “scum of lead.” It was sold, part- 
ly revived, making an impure lead, and 
manufactured into clamps, tubes, vases, 
cramps for masonry, and white lead paint. 

The centuries rolled on. Pirates by sea 
and bandits by land destroyed mines, man- 
ufactures, and commerce together. Nor- 
mands, Sicilians, Catalans, Venetians, Ge- 
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noese, and Turks by turns prevented all 
possible return to industry. Chateaubriand 
in 1806 found in allthe Laurium pevinsula 
but one poor hamlet of 800 souls. In 1863 
the district was headquarters of bandits 
obedient to a little king called Kytzos. 

One evening in May, 1863, two gentle- 
men, one French the other Italian, owners 
of mines in Spain and Sardinia, and heavy 
merchants of Marseilles, landed from a 
coasting boat on the long-deserted beach of 
ancient Ergasteria, at the head of a lovely 
mountain-locked harbor, having Helena’s 
Isle as a breakwater in front of it. With 
the practised eye of men accustomed to the 
search of metalliferous deposits, they per- 
ceived the value of the mounds of debris 
which the old miners had rejected, and then 
and there, without further delay, they enter- 
ed into negotiations with the Parédre and 
Chinotis, or village headman and his coun- 
cil. They found that some of the property 
was in dispute between the village and the 
Government. However, they completed the 
purchase with the village, determining to 
make it right with the Government atter- 
wards. A treaty of purchase was formally 


made, and the whole village turned out to 
celebrate the event in rejoicings and festivi- 


ties. The explorers returned to Athens, 
highly delighted with their prospects. Count 
Amelot, at Athens, arranged that the Gov- 
ernment rights should not stand in their 
way. They deposited £400, the full value 
of Government claims, with the Treasurer 
of State. M. Fiedler, sent by the Greek 
Government in 1837, and M. Riessegger in 
1842, had pronounced the Laurium district 
worthless. But the new comers had dis- 
covered refuse heaps concealed beneath the 
soil, where no one dreamed of anything 
valuable being concealed. They received a 
concession, or mining right, covering 2,500 
acres, or six square miles, comprising about 
the 1-20th part of the metalliferous surface of 
Laurium. The concession included the right 
of exploring the ancient mines, and the 
right to the silver lead ores in their neigh- 
borhood. 

In less than two years they created one 
of the grandest lead foundries in the world. 
The traveller can take the company’s steam- 
er “ Laurion” at the Pirzeus of Athens, and 
find in the harbor of Ergasteria a fleet of 
Greek, French, and English vessels; 1,000 
ton colliers from Newcastle; here a steamer 
from Marseilles unloading machinery, tools, 
wagons, rails; there the Greek blockade- 
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runner of Cretan notoriety; all about, 
lateen sail craft from every part in the 
Archipelago laden with legumes, frait, and 
fish; and some from Lagrana landing scoria. 
On shore, to the left, range three great 
sheds, under which blaze the furnaces, in 
front of which run serpent-like streams of 
black lava, or modern cinder, which a crowd 
of half-naked workmen pry up, break off, 
and convey two-thirds of a mile away, in 
wagons by a tramroad, round to a southern 
shore of the bay. From the fusion sheds 
runs what looks like an aqueduct on arches, 
the gallery fur condensation of the fumes, 
ending in a chimney mounted on an isolated 
hill, 4,700 ft. distant. Between the sheds 
are the blowing-engines, constructed in 
Marseilles, and roaring night and day. To 
the right are the store-houses, superintend- 
ent’s office, free hospital for workmen, sta- 
bles for 300 horses, and a populous village, 
dominated by a many-colored Greek church, 
in which almost every figure and custom in 
Europe may be seen. 

To bring the materials of manufacture 
from heaps scattered over a district having 
a radius of from 6 to 10 miles, about 40 
miles of perfectly macadamized roads di- 
verge from the port, cross the ravines by 
substantial bridges, and ascend the slopes. 
They are almost the only roads existing in 
good order in the kingdom of Greece; 300 
horses draw down in wagons every day 400 
tons of scoria to be washed, enriched, and 
smelted over again; and the works could 
handle more than they receive. It takes 5 
tons of debris to give 1 ton of mineral pro- 
per for fusion. The colossal waterworks are 
capable of washing 500 tonsa day. Finally, 
a railroad (of 3 ft. 4 in. gauge and 6 miles 
long) is undertaken to reach the most im- 
portant of the debris mounds in the valleys 
of Camaresa and Berzeko, on the other side 
of a watershed, 450 ft. high, through which 
it passes by tunnel. Eighteen months suf- 
ficed for its construction, and three powerful 
Mulhousen locomotives draw trains of 110 
tons, over gradients of 26 to 1,000 in 6-ton 
wagons built at Lyons. The rails were roll- 
ed at Bességes; the repair shop, machine, 
tools, got up by Bouhey, in Paris. But the 
two steam-engines for the washing grounds, 
of 90-horse power each, made in Belgium, 
were not transported to Greece because the 
wretched Government of this worthless little 
country took advantage of the German in- 
vasion of France to inaugurate a reactionary 
policy towards these foreign regenerators of 
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home manufacture worthy of the worst days 
of the worst and most unhappy countries. 
The sudden conversion of a desert into a 
source of such vast wealth excited the cu- 
pidity alike of the Greek Government and 
ofthe brigands to whom it grants protection. 
Kytzos demanded £2,000 asthe price of leav- 


Judges; but this is a manifest absurdity, as 
the dispute only arises out of a law which 
would then not exist, so that the question 
itself would fall to the ground. Meantime, 
the French and Italian Governmerits are 
both beginning to lose patience. There is 
'no doubt that under the Empire France 


ing the Company alone, but was fortunately | would not have tolerated for a day the ac- 
killed before he could enforce his demand, | tion of the various Greek Cabinets, whose 
and Spagnos, who succeeded Kytzos and | ruin the Laurium question has successively 


Arranitakis, since of melancholy notoriety, 
also attempted on one occasion to seize the 
Director-General of the mines, and finally 
a pitched battle was on the point of being 
fought between a Greek company and the 
Franco-Italians, which was only averted by 
the arrival of troops from Athens. Public 
feeling at last got so worked up in Greece 
at the sight of a number of foreigners ex- 
porting their mineral wealth and pocketing 
the profits, that the Government was forced 
to pass a law declaring all scoria and debris 
of old mines Government property and giv- 
ing the law a retrospective effect, on the 
strength of which they claimed not merely an 
exorbitant tax from the Laurium Company 
for the future, but a sum of £80,000 for 
back payment for the eight years before the 
law was made. This the Company natu- 
rally refused to pay, and the diplomatic 
agents of the two Governments found them- 
selves compelled to interfere to protect their 
subjects from so extortionate a demand. 
The Greeks continued more obstinate as 
they perceived the richness of the prize won 
by the foreigner, the value of which was 
estimated by their own official reports at a 
milliard of frances. The Company in despair, 
after the events of the last two years have 
so completely crippled the power and in- 
fluence of France. of being able to continue 
to work her property in security, offered at 
last to sell for £560,000 to the Greek 
Government what the latter valued at a 
milliard. An agreement to this effect was 
made with Komoundorous, then Prime 
Minister, and he promised to bring in a Bill 
authorizing the sale. At the last moment, 
however, he perceived that no such Bill 
would be carried, and attempted to post- 
one it. The King would not permit this 
cad of faith, and Komoundorous, rather 
than face the inevitable defeat which it 
would entail, resigned. He was succeeded 
by Deligeorgis, who has written a me- 
morial defending the law, and receding 
from the agreement of his predecessors. 
He has proposed, indeed, to abolish 
the law, and let the question be tried by the 


| involved in this matter; and there is a limit 
even to French patience just now, while the 
| Italian Government is rising into a position 
|of such European importance that it may 
not be loath to take advantage of the occa- 
| sion which is thus afforded of asserting with 
| a strong hand the justice of its claim. 
All that remains to add to this already 
extended notice of the Laurium enterprise 
| are the statisties of work done. Nothing is 
| handled which contains less than from 8 to 
| 12 per cent. of lead. When properly mixed, 
| the materials are charged with coke into cyl- 
| indrical fires 4 ft. 8 in. high, blown with 
'fans. The cinder which escapes below still 
| holds from 2 to 3 per cent. of lead ; 2 per 
|cent. more is carried off in fumes. The 
{residue is drawn off twice a day in pigs 
| marked “ Ellas.” This barlead (very anti- 
| monious) contains only from 10} to 14 oz. 
| of silver to the ton. A part of it is refined 
at the works and marked “Fos.” Both 
| brands are sent to England in exchange of 
|coal. No cupellation is attempted at Erga- 
sterial. Each fire passes 30 to 35 tons of 
| scoria per day, and 12 of the 18 fires are in 
blast night and day. The annual product is 
9,000 to 10,000 tons of lead, whiclr is almost 
equal to half to the entire make of France. 


\ 





J usrern River Levers.—The Mississippi 
river is 2,616 miles in length, and is 
1,680 ft. above the level of the Gulf at its 


utmost source. At St. Paul it is 660 ft. 
above the Gulf level; at the head of Rock 
Island Rapids, 505 ft ; at St. Louis, 407 ft. ; 
at Cairo, 322 ft; at Memphis, 221 ft.; at 
Natchez, 66 ft.; at New Orleans, and at the 
head of the passes, 2 ft.9 in. Arkansas 
rises 1,514 miles from its entrance into the 
Mississippi, and 10,000 ft. above the Gulf; 
at Fort Smith, 418 ft.; at Little Rock, 252 
ft. ; at its mouth, 162 ft. The Missouri rises 
2,908 miles from its entrance into the Missis- 
sippi, and 6,800 ft. above the Gulf level ; at 
Fort Benton it is 3,815 ft. above the Gulf; 
at Sioux City, 1,065; and at St. Joseph, 756 
ft. The Ohio is 609 ft. above the Gulf at 
Pittsburgh, and 532 ft. at Cincinnati. 
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THE SEWAGE PROBLEM. 


From ‘The Engineer.” 


The fact that a committee of inquiry into 
the whole question of the utilization of 
sewage was appointed some time ago by the 
British Association was probably due to 
two causes. One was the desire on the 
part of the Association to arrive at a true 
solution of a question so important, and the 
other the opinion entertained by many, 
that the report of the Rivers Pollution Com- 
mission was exceptionally severe upon some 
of the methods which had been put forward 
as affecting the result as yet unattained. In 
furtherance of this object a sum of money 

yas appropriated to the purpose, and the 
members of the committee at once commenc- 
ed their labors. Before proceeding to draw 
the attention of our readers to the nu- 
merous instructive and interesting details 
which characterize the last report of the 
Committee on the Utilization of Sewage, it 
may be stated that it confirms the views we 
have always held on the subject, and with 
consistency expressed in our columns. One 
of the most novel principles of treating 
sewage on the irrigation plan is that intro- 
duced about two years ago at Merthyr 
Tydvil. This especial method of downward 
filtration we have already designated under 
the title of “‘ cubical irrigation,” inasmuch 
as the depth of the soil acted upon by the 
sewage becomes an important element in 
the operation, and the term also serves to 
distinguish it from the ordinary or super- 
ficial irrigation. 
this method is that but a small area of 
ground comparatively is required to effect 
the purpose. It must be borne in mind 
that the term “utilization” of sewage is 
rather a misnomer when applied to cubical 
irrigation. This treatment does certainly 
purify and render innocuous the sewage, 
but does not economize or make use of its 
valuable manurial properties to the same ex- 
tent as superficial irrigation. It is un- 
questionably rather a plan for the purifi- 
cation than the utilization of sewage. There 
is one fact which was elicited by the inquiry 
at Merthyr Tydvil, which is unfortunately 
but too common. A comparison of the 
quantities of sewage and of the effluent 
water proves that ‘the latter is more than 
double the former, and a careful investiga- 
tion further showed that the rainfall was 
not sufficient to account for the very large 
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increase. Whence, then, did it come? 
Observations subsequently revealed that it 
was due to the river, and that a complete 
system of percolation existed in the soil be- 
tween the river and the drains. ‘To set the 
matter beyond a doubt trial holes were dug 
in afield in the vicinity of the filtering 
beds, and it was found that the same thing 
occurred. When the water rose and fell 
in the river there was a corresponding vari- 
ation of the level of it in the holes. It is 
easy to imagine in what condition the water 
supply of the town must be if the inhabi- 
tants are in the habit of having recourse to 
wells. One can realize the statement so 
frequently made, that in such cases the 
people do not pump water, but sewage. 
The plan of deodorizing sewage and pre- 
cipitating solid matters carried on at the 
Union Workhouse of Stoke, was the subject 
of one of the many inquiries of the commit- 
tee. From first to last, charcoal is the 
filtering agent employed in the process. A 
very curious phenomenon was observed in 
this instance, and one exactly the reverse of 
that which took place at Merthyr Tydvil. 
The quantity of sewage gauged amounted 
to 5,000 gallons, while that of the effluent 
water only reached the total of 2,000 gal- 
lons. Where the remainder went is a mys- 
tery. The charcoal, as proved by analysis, 
absorbed a large portion of it, but nothing 
in proportion to the quantity that escaped 
somewhere or other. What also renders 
this result somewhat anomalous is that 
there must have been some dilution, which 
nevertheless had no effect in increasing the 
quantity of the effluent water. That the 
suspended matter should be removed is 
only what is to be expected from any de- 
scription of filtration, especially when con- 
ducted upon a scale so limited as that of a 
workhouse containing not more than 750 
inmates. A corresponding reduction in the 
amount of the ammonia and organic nitro- 
gen would also be looked for. So also 
would be the result, which was that no oxi- 
dation took place, no nitrates or nitrites 
were discovered in the effluent water, which 
was to all intents and purposes a dilute 
sewage, and “had a strong smell of sew- 
age.” Although the process adopted at 
the locality in question is evidently utterly 
unfit for an extended application, yet it 
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must not be supposed that all the deodoriz- 
ing and disinfecting methods are limited to 
so narrow a range of operation. That they 
do not, in our opinion, fulfil those condi- 
tions which are essentially requisite in any 
scheme for the complete and profitable util- 
ization of sewage, is a subject to which no 
reference need now be made. It will be 
seen as we proceed that the committee give 
the preference to irrigation as the mode 
best calculated to effect the desired object. 
From what has been already stated with 
regard to cubical irrigation, it might be as- 
sumed that it was not adapted to the pur- 
pose ; but it must not be forgotten that it is 
intended always to employ it in conjunction 
with the ordinary or superficial irrigation, 
otherwise the plan will not answer the ex- 
pectations formed of it. It is evident that 
the svil cannot be made at one and the 
same time a mere filter bed and a prolific 
producer of vegetables and crops. Satura- 
tion must sooner or later be the result of 
continuous downward filtration. It is for 


this very reason that wherever it is possible 
this system must be carried out on the 
intermittent principle, which, combined with 
deep subsoil drainage, will accomplish a 


great deal in preventing the saturation that 
would otherwise ensue. The obvious pre- 
ventive against saturation is taking care to 
acquire a sufficient area of land upon which 
to distribute the sewage—a condition be- 
coming daily more and more difficult to 
eumply with. Without wishing to assume 
at present that the irrigation principle is 
able to solve the sewage problem by effect- 
ing the two indispensable results, viz., the 
purification and utilization of the sewage, 
there is no necessity to advance arguments to 
prove incontestably that hitherto the other 
methods have not been able to accomplish 
that double object. Let us take Ealing for 
example. Two systems of deodorization 
and precipitation have been tried at that 
place. ‘The first consisted in causing the 
sewage to pass into depositing tanks and 
afterwards through a filtering medium 7 ft. 
in thickness. The plan failed to purify the 
sewage to the extent required. ‘The efflu- 
ent water was not of a quality fit to be dis- 
charged into a stream or natural water- 
course. The second attempt to deal with 
the matter was made under the auspices of 
General Scott, whose principle is well wor- 
thy of attention. It does not pretend to 
accomplish what many other methods do, 
either with respect to purifying the sewage 


| so as to allow of it being discharged into a 
| river, or to rendering it suitable as an arti- 
| ficial manure. It is nevertheless possible 
that this last result might be obtained. 
The peculiarity in the process in question is, 
that if the dried material or sludge, as it is 
called, should be too poor in manurial value 
to obtain a marketable price, and if it 
should also be of no use as a cement, it can 
be burned away—consumed without any 
risk of a nuisance being established. One 
of the difficulties attending this process, and 
one which attends all of a similar charac- 
ter, is that of drying the sludge. This is a 
known difficulty in the A B C process, of 
which it may be remarked that it must be 
very discouraging to those who advocate its 
adoption, that no tangible evidence of its 
success at Crossness has been forthcom- 
ing. 

Passing on to sewage farms, there is a 
great deal in the report of the committee to 
encourage those who give the preference to 
irrigation over all other matters for effecting 
the utilization of sewage. We have fre- 
quently adverted to the absolute necessity 
of attending strictly to two principal points. 
One is deep draining, and the other the 
proper and scientific laying out of the ground. 
Farmers have yet a great deal to learn in 
this respect, and some of the failures that 
have attended irrigation on a small scale 
are undoubtedly due to the ignorance and 
prejudice displayed by those who undertook 
the carrying out of that which they knew 
nothing about. The sewage farm at Earls- 
wood is an instance in which these essential 
details have been altogether ignored, and 
the consequence is that neither is the land 
benefited by the sewage, nor the sewage 
purified by the land. These two operations 
are, in fact, one, and the successful perfor- 
mance of the one is a guarantee for that of 
the other. As a corroboration of our re- 
marks with regard to the necessity for 
underdraining, the case of a field of beans, 
grown on the sewage farm at Tunbridge 
Wells, may be quoted. One portion of the 
crop was heavy and healthy looking, and the 
other very poor and stunted, and, notwith- 
standing this manifest difference in the 
quality and quantity, the whole field had 
been uniformly flooded with sewage. The 
reason, however, for the circumstance be- 
came clear upon a little further inquiry, 
when it was elicited that the part of the 
field upon which the superior crop was 
grown had been underdrained to a depth of 
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4 ft., while no such an operation had been 
carried out in the other part of the field. It 
is to be hoped that the practical nature of 
this test will be duly appreciated by all 
those who may in future be engaged in sew- 
age irrigation. A hint as to the value of 
sewage as a simple irrigator may also be 
taken from the fact that on the same farm 
a large field of turnips was discovered to 
be infested with the fly. The field was at 
once flooded with sewage, the fly destroyed, 
and the crop saved. If we sum up the con- 
clusions arrived at by those who listened to 
and discussed the various papers and re- | 
ports read at the last meeting of the British 
Association relating to the sewage question, 
they will be found to be almost unanimous 
in favor of the irrigation principle. 

Without wishing to assert that an arti- 
ficial marketable manure cannot be prepared 
from deodorized and precipitated sewage, 
yet some attention must be given to those 
who are the best judges on the matter. 
These are the farmers, who buy manure, 
natural and ertificial They state that 


deodorized sewage is not only worthless as a 
manure, but positively injurious to the 
present crops and to the land as well, 
having regard to the future crops to be | 





raised on it. There was a great deal of! 
good sense and truth in the remarks 
made respecting the action taken by the 
Government in sewage matters. We have | 
already expressed our own opinion on this | 
point, and shown that unless Government | 
tukes some measures to help local authori- | 


' . 
tion. 


ties out of their difficulty, instead of thwart- 
ing them and throwing obstacles in their 
way when they are endeavoring to do that 
which is right, there is no use in attempting 
to utilize sewage on the irrigation principle. 
The case of West Ham is a prominent one. 
The loeal authorities were willing to expend 
a considerable sum of money in carrying 
out their object, but the Government refus- 
ed their consent to the plan. Their refusal 
was based upon the report of an inspector 
sent down by them, who was a well-known 
opponent of sewage irrigation. The whole 
inspection was therefore a mere farce, the 
ease having been virtually prejudged and 
antecedently decided upon. There are 
other well-known instances which could be 
adduced in evidence. In spite of cubical 
irrigation, which has to some extent dimin- 
ished the “land difficulty,” that still re- 
mains the great obstacle to sewage irriga- 
Our own opinion is that the land can 
be obtained. Land is obtained for rail- 
ways and other purposes which partake a 
good deal more of the nature of an expedi- 
ency than necessity. The health and sani- 
tary welfare of the public are of infinitely 
more importance than rapid transport from 
town to town. It is not too much to assert 
that whole districts are depopulated in order 
to obtain land for our city railways and 
streets, and yet not an acre can be obtainec 
in the open country for the purpose of re- 
lieving the inhabitants of large towns from 
one of the most serious and dangerous evils 
that a nation ever had to deal with. 


ON THE INCREASING SPIRAL IN HEAVY RIFLED ORDNANCE. 


By COMMANDER W. DAWSON, R. N. 


From the “ Journal of the Society of Arts.” 


Rotation is usually imparted to elongated 
projectiles by means of ribs, studs, or other 
projections, which, in their exit from the 
gun, traverse suitable parallel grooves or 
slots, cut to receive them in the bore, at an 
angle with the axis of the piece proportioned 
to the desired rapidity of spin. When the 
angle which the slots make with the axis of 
the gun is the same throughout, uniform 
spirals are the result; but when the angle 
becomes greater towards the muzzle, the 
grooves form curves known as increasing 
spirals. If the bore be conceived as laid 
open like a flat surface, the uniform spirals 
will appear as straight lines, the “ uniformly | 
increasing spirals” as parabolas. Lach | 


point in those parabolas makes a different 
angle with the axis of the gun, and would 
impart, if possible, a different amount of 
rotation to every part of the projectile. As, 
however, a rigid iron cylindrical body can- 
not have every point in its length rotated at 
different speeds, one “driving” point, or 
ring of “driving” points, is selected in rear 
of the centre of gravity, on which the whole 
effort of rotation is concentrated. A second 
ring of “ guiding” points before the centre 
of gravity, being made to fit the grooves very 
loosely, tend to check any extraordinary de- 
viation from the prescribed route. By a 
strange hallucination, even in the uniform 
spiral “ Woolwich” guns, the effort of rota- 
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tion is concentrated on two soft non-center- 
ing points in each groove, instead of being 
ditfused over a long iron centering bearing 
extending along the whole cylindrical body 
of the projectile. Of the 19 rifled guns now 
in the naval service 13 have uniform spirals, 
which complete one turn in 20, 30, 55, 365 
37, 38, and 40 calibres; four have their 
grooves cut as “ uniformly increasing spir- 
als,” beginning as parallel straight lines at 


their origin, progressing as parabolas, and | 
ending at the muzzle with one turn in 35, | 
40 or 45 diameters; whilst two guns havea | 


compromise between the two forms of spiral, 
the grooves beginning as curves of one turn 


To know what effect the angle of uniform 
spiral has on stability of flight, the chief 
object for which rifling is adopted, we must 
turn to Sir Joseph Whitworth, who has 
worked out experimentally the relation be- 
tween the length of the projectile, expressed 
in diameters, and the rapidity of twist, as it 
affects the polygonal iron-bearing centering 
system. This was tried with a 1 ft. gun of 
about 1} in. calibre, firing 25 oz. charges at 
3 in. elevation. It was found that one turn in 
34.35 calibres gave perfect spin to shot 3 
diameters in length; that one turn in 15.26 
calibres spun shot 6 diameters long perfectly ; 


and that one turn in 7.13 calibres sent shot of 





in 100 calibres, and ending at the muzzle |7 diameters perfectly true and point first. 
with one turn in 40 or 50 diameters. This | These results have been verified as regards 
diversity of twist aptly illustrates the guess- | several angles of spiral in larger calibres, 
work which obtains as to the proper angle | so that Sir Joseph Whitworth now recom- 
of spiral, and as to the consequent rapidity |mends one turn in 18 calibres for heavy 
of spin necessary to insure stability of flight. | guns, which is capable of giving perfect 
Experiments were made in 1864-65, to de-| rotation to projectiles 5 diameters long ; 
termine the influence of various degrees of | whilst the French or ‘‘ Woolwich” non-cen- 


twist with uniform spirals upon the initial 
velocities, from 6.3-in.,7 ton, “shunt” guns, 
but no notice is recorded of the correspond- 
ing stabilities of flight. From these it 
ascertained “ that the velocity increases as 
the amount of twist decreases, up to a cer- 
tain point, viz.: one turn in 50 (? 40) cali- 
bres, where the velocity is greatest; it then 
commences to diminish. The loss of velocity 
in the higher twists is probably due to in- 
creased friction in the passage of the pro- 
jectile through the bore. The diminution of 
velocity in the case of the low twist is most 
likely owing to the projectile not being re- 


tarded sufficiently to admit of the complete | 


combustion of the charge.” The initial ve- 


locities were :— 
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| tering short-bearing system gives, with one 
turn in 35 calibres, only a wabbling, waltzing, 
| movement to shell of 2} to 3 calibres. 

No experiments exist as to the influence 
of various degrees of final muzzle twist upon 
the initial velocity, nor upon the stability of 
flight, in the case of spirals the angles of 
which increase rapidly at the muzzle. The 
| amount of spin is, in these cases, determin- 
ed by the well-known formula familiarly 
called “the rule of thumb.” 

The professed object of introducing, in 
1865, increasing spirals for the stronger and 
heavier wrought-iron coil guns, was the 
supposition—Ist, that the projectiles would 
slip away more rapidly from their seats next 
the powder chambers than when uniform 
spirals were employed; 2d, that these as- 
sumed quicker commencing velocities would 
considerably reduce the maximum powder 
pressures in the chambers; and 3d, that 
this supposed great relief to the chambers 
would prolong the lives of guns. 

Now, here are three distinct guesses, each 
one of which is opposed to experience :— 

1st. In the heavy gun competition of 1863- 
5, where all the conditions, except the rifling 
projections and grooves, were identical, 
Scott’s uniform spiral 7 in. gun projected 
its iron-bearing flanged-centring 110 lbs. 
shot from its muzzle 59 ft. faster, inflicting 
a muzzle blow 133 foot-tons heavier than 
the similar French, or, as it is now mis-call- 
ed, “ Woolwich” gun, with increasing spiral 
and studs, the report stating that “the 
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French system has decidedly the lowest ve- 
locities.” Again, 1865, two 7-in. guns were 
rifled with the same final angle of twist, on 
the French or “* Woolwich” system ; one 
with uniform and the other with increasing 
spiral; and the latter gave 21.2 ft. less initial 
velocity, and 56 foot-tons lighter muzzle 
blow. The Professor of Artillery at Wool- 
wich mentions in his “ Modern Artillery,” 
the case of an 8-in. gun which gave, with 
uniform spiral, 35 ft. more initial velocity, 
and 116 foot-tons heavier muzzle blow than 
its increasing spiral competitor. Against 
these facts we have guesses, but not a single 
experimental datum. 

2d. The Committee on Explosives have 
recently discovered that the maximum pow- 
der pressure is relieved when the shot has 
moved one-quarter of an inch in its seat 
when using rifle large grain powder, and 6 
in. when using pebble powder. They have 
not discovered that the shot moves through 
the first quarter of an inch of its motion 
quicker with either the uniform or the in- 
creasing spiral of the same final angle ; nor 
is itat alllikely that they ever will do so. 
But they have found that the gun in its 
rifled state sustains somewhat less powder 
pressure than when firing the same charges 
as a smooth-bore. If, then, any difference 
of maximum pressure in the chamber can at 
any future time be proved to obtain between 
the two forms of spirals having the same 
final angle, it is difficult to foresee in favor 
of which it will be found, but we are justifi- 
ed in assuming that it will be so infinitesimal 
as to be rather a curious philosophical phe- 
nomenon than a practical consideration for 
artillerists. 

3d. If we regard the shot in its seat as a 
valve inoved by internal pressure, it is quite 
evident that the maximum pressure which 
is relieved by that motion cannot extend 
outside the position of the base of the projec- 
tile at the moment when that pressure is 
registered. In other words, all the evil 
effects upon the gun due to the direct action 
of the maximum powder pressure must occur 
either in the charge chamber or within a 
quarter of an inch of it, if using R. L. G. 
powder, or within 6 in. of it with pebble 
powder. The only exceptions there can be 
to this rule, are when the lateral wriggling 
or vertical hammering action of the wab- 
bling projectile causes a momentary ob- 
struction, and the area of the maximum 
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the projectile breaks up, and the pieces be- 
come permanently wedged in the bore, in- 
flicting a blow which causes the gun to burst 
explosively, as has repeatedly occurred. 
When, then, the shot is free to escape, the 
life of the gun is not materially affected by 
differences of powder pressure within the 
possible limits which could obtain, under any 
rational supposition, between guns rifled 
with the same final angle of twist on the 
uniform and on the increasing systems. 
There is now in use in Woolwich a 10 in. 
18-ton gun, having 18 in. holes bored right 
through its walls, for crusher gauges, which 
has fired in that state several hundred 60 to 
874 lb. charges with 400 lb. projectiles, 
and has sustained maximum pressure of 6U 
foot-tons, being within 3 tons of as great a 
strain as that sustained by the 35 ton gun 
im firing its heaviest (130 Ibs.) charge with 
a 700 lb. projectile; yet, we are told that the 
inter.or of that mutilated gun has uot suffer- 
ed from these excessive powder pressures. 
An 8 in. gun of only 65 tons weight, instead 
of 9 tons, with 16 in. holes through its walls, 
has similarly withstood hundreds of rounds 
of 35 Ib. charges and 185 lb. projectiles, 
though its proper battering charge is but 22 
lbs. with 115 1b. projectiles, without any in- 
ternal injury from powder pressure. 

So far, then, as the advantages claimed 
for the increasing spiral are concerned, they 
are pure guesses opposed to facts; and it is, 
as to those points, a matter of indifference 
whether it or the uniform spiral be adopted. 
But, on this baseless hypothesis, we are 
sacrificing in vital questions the efficiency 
of our great guns, for the increasing spiral 
necessitates the concentration of rotary ef- 
fort on a single point in each groove, this 
point being represented by a gun-metal stud 
1.45 in. in diameter, projecting .195 in. out- 
side the projectile, and wedged into an un- 
der-cut hole 16 in. in diameter, and .3 in. 
deep. Imagine, then, attempts to rapidly 
rotate an iron cylinder, 12 in. in diametei, 
34.45 in. long, and nearly a third of a ton in 
weight (700 lbs.), by a ringof nine such studs 
placed a few inches behind the centre of 
gravity. Lateral wriggling, vertical ham- 
mering, a wabbling forward motion in the 
bore, with waltzing gyrations, “ puffing” 
noise and “unsteady” movements in the 
flight, lessened muzzle blow, and reduced 
range, are the natural results. To overcome 
these, reduced length and weight of projec- 


powder pressure might naturally extend to | tile are, in all the larger calibres, vainly 


the point where the jam occurs; or, when 


resorted to, with permanently crippled effi- 
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ciency. More rapid twist, and consequent 
more perfect rotation, cannot be given, be- 
cause the six-tenths limit of bearing which 
the increased spiral necessitates will not 
endure the greater effort. 
shell-power has, therefore, been all in vain. 
Within the last three years six heavy guns 
are known to have been permanently dis- 
abled on shipboard by their own projectiles, | ¢ 
whilst firing at targets ; and five others are 
known to have been temporarily disabled 
for some hours from the same cause. How 
many more naval guns have been compelled 
to cease fire for hours has been kept secret. 
But when two 18-ton guns were eo disabled 
on board the Hercules in 1870, the Director- 
General of Naval Ordnance officially re- 
marked that “the crack in the A (inner) 
tube, and the strained condition of the B 
(outer muzzle) tube over the crack, are ex- | 
actly what I should have expected.” And 


a critical examination of these suicidal in- | 


juries shows that they almost invariably 
occur near the muzzle, where the shot in 
full flight meets with enchanced resistance 


= 


The sacrifice of 


from an increasing angle of spiral. Tho 
fact that two of the suicides had uniform 
spirals is sufficiently accounted for by the 
absurd notion which obtains of rejecting the 
great advantage it, offers of employing a long 
iron-bearing, “extending over the whole 
cylindrical body of the projectile, and of ap- 
plying it in the form of strengthening ribs 
cast with it, instead of a short bearing con- 
centrated upon weakening stud holes. 
The “cemetery of suicides” at the Royal 
Arsenal has had several interesting speci- 
mens added to it since the introduction of 
increasing spirals with short soft bearings, 
some of which illustrate other forms of self- 
\destruction incidental to the French or 
“ Woolwich” system. First in order comes 
the father of the system, the competitive 
| “ Woolwich” 7 in. gun already referred to, 
| which after 567 rounds had so battered its 
|bore and spiked its upper groove by the 
blow of its front upper stud, that it was 
‘ordered “to be fired under ‘ precaution ” 
against bursting; whilst the rifling of the 


| Scott uniform spiral gun with iron ribbed 
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projectiles was as perfect after the last 
(417th) round as when it left the factory. 
The Woolwich “ Infant” of 35 tons, though 
not yet committed to the Cemetery of Sui- 
cides, was spiked in the lower grooves by 
its lower rear stud, from 8 to 20 in. outside 
the point ‘to which the maximum powder 
pressure extends, in the effort to rotate a 700- 
lb. projectile upon 9,8; in. points, under the 
propulsion of 120 lbs. pebble powder 
charges. With a uniform spiral and Scott’s 
iron-flanged shell, 100 lbs. of powder would 
have sent the same weight to the useful 


fighting range of 1,500 yards with the ele- | 


vation required when using 120 lbs. charges 


at present. Then there is a 12} ton gun, in 


which a shot breaking up through its stud 
holes wedged itself, causing a fearful explo- 
sive burst, on 25th September, 1868. A 


converted 68-pounder, of 95 ewt., met with | 


a fearful accident on the 10th August, 1870, 
flinging 76 pieces over an area of 580 yards 
by 150 yards. Though this latter gun had 
not an increasing spiral, its 114 lb. projectile 
was balanced on a couple of weakening 
studs in each groove, which is not much less 
fatal with uniform than with increasing 
spirals. The “Cemetery of Suicides” is 
hardly more instructive than the Ordnance 
Inspector’s reports of abrasions, and enlarge- 


ments and erosions, and other injuries of 


guns not permanently disabled, these mala- 
dies being either caused or aggravated by 


the studded system, which an increasing | 


spiral necessitates. Of eight Lancaster 95- 
ewt. guns having increased spirals sent to 
the Crimea, three blew their own muzzles 
off; but once rid of that portion containing 





_ tem of rifling might be found.” 





the increased strain, one of these guns did 
good service without its muzzle. Of 42 
Parrott guns with increased spirals used at 
the siege of Charleston, 23 committed suicide 
—General Gilmore reporting that the in- 
creasing strain thrown on the muzzle was the 
offending cause. Lancaster and the Ameri- 
cans both abandoned the increasing spiral, 
and now it destroys only British guns, with 
the eminent risk of some day destroying also 
British gunners. 

There is a most instructive sphere of 
artillery study at present locked up, which 
might be opened with great advantage to 
science, as well as to the public service, if 
some member of Parliament would move 
for a “Return of all guns which, since 1865, 
had been obliged to cease fire, temporarily 
or permanently, owing to self-inflicted in- 


juries; the nature and position of such in- 
juries, and the period which elapsed before 


fire could be resumed. Also fora return of 
all guns which, since 1865, had sustained 
internal damages of a less disabling charac- 
ter, and the nature and position of such 
injuries.” We should then be in a position 
to trace out, in each case, the maladies of 
British guns, and, knowing the cause, be a 
long way towards suggesting the remedy. 
Meanwhile, the ablest artillery officers are 
of opinion “that there are disadvantages in 
the “ Woolwich” system, and a better sys- 
That there 
must be ample matter for a lengthy official 
return is evident from the ex cample s of the 
suicidal effects of ‘ Woolwich” studded 
projectiles, given in the table on the preced- 
ing page. 





F. C. WEBB ON AN ELECTRICAL EXPERIMENT WITH AN INSU- 
LATED ROOM. 


From ‘‘ Th> Philadely hia Magazine.” 


The object of the author’s experiments; It is generally stated in books on elec- 

was to show that the ordinary theory of the tricity, that when an electrical machine has 
action of the Electrical Machine is incorrect. | its rubber to earth, on the action of the ma- 
Some years ago the author endeavored to | chine the prime conductor becomes charged 
prove by reasoning that the ordinary ex- | positively, and the equal quantity of nega- 
planations given “of the discharge of a! tive electricity which is generated is lost in 
charged conductor by communication with | the earth, and that when the prime con- 


the ground was erroneous; and suggested | ductor is then placed in contact with the 


an experiment with an insulated room as a| earth, its discharge is merely the conse- 
means of proving the fallacy of these ordi- | quence of its sharing the electricity with 
nary explanations of discharge, ete. The | the earth, the proportion remaining on the 
extracted results are best given in the | conductor being, in virtue of the almost 
author’s own words. | infinite size of the earth as compared with 
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the conductor, almost infinitely small, and 
consequently quite inappreciuble. When, 
therefore, the ordinary experiment of charg- 
ing the prime conductor is performed in an 


insulated room, according to the theories | 
which I deny, the negative electricity being | 


unable to share itself with the earth, some 


differences in the effects produced should be | 
attained. The negative electricity, for in- | 


stance, if it tends to flow to the earth, should 
influence an electrometer placed in contact, 
and exterior tothe room. Again, ifthe room 
is connected to the earth during the charging 
of the prime conductor and is afterwards 
insulated, the prime conductor, if touched 


tothe room, ought not to be discharged, | 


since it can only share its electricity with 


the room, instead of with the almost inde- | 
finitely large surface of the earth. Now, I | 
argue, that when electricity is produced, at | 


any rate by artificial means, the negative 
and positive are not only always produced 
in equal quantities, but remain each as 
much in abeyance as the other, and that 
complete discharge always consists in the 
recombination of equal quantities of oppo- 
site electricity. Thus when a conductor is 


charged, say, positively from a plate-ma- 


chine having the rubber connected to the 
earth, the negative electricity has no ten- 
dency to flow to and distribute itself equal- 
ly over the earth, but distributes itself 
principally on the nearest conducting sur- 
faces to the positively charged surface ; and 
when the surface to which the negative pole 
is attached entirely bounds the dielectric 
which separates it from the, positively 
charged surface, the negative electricity is 
entirely distributed on that surface, none 
flowing to any other part of the earth. 


When these are joined by a conductor, dis- | 


charge occurs through the recombination 


of the exactly equal quantities of electricity | 


previously produced. 
For carrying out the experiments a room 
was constructed about 8 ft. by 9 and about 


8 ft. high. The floor was of wood, and the | 
sides of wooden framework, covered with | 


calico, and with pieces of tinfoil pasted 
about it, to make it a good conductor. It 
had a door and two windews of wire gauze. 
A small table was placed in it, and a fric- 
tional electrical machine was placed on this. 
The room was suspended by four double 
parts of half inch round gutta-percha band 
to a wooden frame, the floor being about 
4 ft. from the ground. The gutta-percha was 
covered with paraffine, and the whole room 





was tested for insulation with a delicate 
|}astatic Thomson reflecting galvanometer, 
|and gave no perceptible loss. A Peltier 
| electrometer was placed on the ground out- 
side, and a wire from the brass knob of this 
was connected to the gauze of the window. 
|The table was connected with the tinfoil 
that was pasted about the surfaces of the 
room, sothat when the rubber or prime con- 
ductor was connected to the table it was in 
connection with the sides of the room. Thus 
| arranged, the machine acted to all appear- 
/ance exactly the same as in uninsulated 
room. 

When the rubber was connected to 
the table, on turning the glass disc, the 
prime conductor was charged so as to give 
off sparks the same as when the room was 
uninsulated ; and the conductor was com- 
pletely discharged when touched to the in- 
sulated room. Not the slightest effect was 
produced on the electrometer, even when 
sparks were flashing from the prime con- 
| ductor to the wire gauze of the windows to 
which the wire from the electrometer was 
attached. Connecting the room to the earth 
made no difference. A sphere about a foot 
in diameter was then charged, when the 
room was insulated, and then handed out by 
| an insulating handle, when the electrometer 
‘immediately diverged to about 50 deg,, 

showing that the outer surface of the room 
‘had become negative. On taking the 
'sphere back into the room, the elec- 

trometer fell to zero. It is impossible to 
' reconcile these results with the explanation 
of the action that takes place in charging 
jand discharging as given and repub- 
| lished in most works. ‘Take, for instance, 
the following from Noad’s “ Student’s Text- 
Book : ”»—* Thus, in order to get any devel- 
opment of electricity, there must be either 
with the rubber or with the prime conduc- 
| tor, electrical communication with the earth, 
as the great natural reservoir of elec- 
tricity.” 

According to the views I have ad- 
vocated, the accumulation on the prime 
| conductor depends on the resistance of what 
I have termed the inductive circuit, which, 

in the case of charging the prime conductor, 
_with the rubber connected to surrounding 
| objects, consists simply of the resistance of 
| the dielectric separating the prime conductor 
| from the surrounding objects, and is there- 
fore the same whether the room is con- 
nected to earth or not. 
Dr. Ferguson, in his “ Electricity,” seems 
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to have a tendency to discard the older ex- 
planations; but at times his explanations 
appear to be incomplete; thus he says :— 
“We have hitherto taken no notice of 
the—E, that, for instance, is said to be lost 
in the ground when glass is charged posi- 
tively. Now it may be lost, and the—E 
induced by the glass on surrounding con- 
ductors may be new—E induced by it. 
But it is also possible, nay, even probable, 
that this—E is none other than the—E said 
to be lost. If this be the case, the ground 
acts as much on the glass as the glass on 
the ground; and the action is precisely the 
same as in a galvanic circuit, when the 
polarization proceeds in opposite ways in 
two opposite directions, the action of the 
one strengthening the action of the other.” 
Dr. Ferguson adds: “ However, it makes 
no practical difference, and it is simpler to 
suppose the insulated body to be the one | 
centre of force.”” With this last paragraph | 
I cannot agree, as it will be found that, by | 
considering problems of electrostatics by 
means of the theory of inductive circuits, 
many can be solved which cannot be ex- 
plained by an allusion to the earth asa 
common reservoir. The experiment with 
the insulated room is only one of them. I 
maintain that no electricity is ever lost in 
the ground or drawn from the ground as a 
reservoir. All electricity generated, if we | 
consider it as a quantity, is produced in| 
equal quantities, and can only be neutraliz- | 
ed by en equal quantity of electricity of the | 





EXPERIMENTS WITH DY 


A series of highly interesting experiments | 
with dynamite took place on Wednesday at 
Llanberis, under the direction and superin- | 
tendence of the committee appointed by | 
Government to report on the safety, stabil- | 
ity, and general character of gun cotton, | 
dynamite, lithofracteur, and other explo- 
sives. | 

The first experiment was intended to! 
show the extraordinary power of dynamite 
when exploded with a percussion cap. A 
piece of exceedingly tough wrought iron, 
cut off the end of the shaft of a steam en- 
gine, 151 in. in diameter by 9 in. in thick- | 
ness, had a hole drilled through it 13 diam- 
eter, which was filled with dynamite and | 


| full 15} in. in length, 


585 


opposite name. Thus, when the sphere in 
the insulated-room experiment was charged 


| positively from the prime conductor, an 


equal quantity of negative went to the room. 
When the sphere was taken out of the 
room, this negative went to the outside of 
the room at the same time that the external 
conductors to the room became polarized, so 
that there remained on external objects a 
charge of negative opposing the positive on 
the sphere, and a charge of positive oppos- 
ing the negative on the external surface of 
the room. By connecting the sphere to the 
earth, the sphere’s charge and its opposing 
charge on surrounding objects neutralize 
each other, leaving the room negative 
to a positive charge in the earth, which, 
when touched together, neutralize each 
other. Or ifthe sphere is touched to the 
room, the positive of the sphere neutralizes 
the negative on the room, the negative and 
positive charges in surrounding objects at 
the same time recombining also. Or when 
the sphere was taken back into the room, 
the negative returned to the inside of the 
room, the positive and negative which were 
induced on external conductors by the 
sphere and room when the sphere was exter- 
nal to the room recombining. 

Circumstances prevented Mr. Webb from 
carrying out a more complete series of ex- 
periments, but the experiments made seem 
sufficient to show the fallacy of the gener- 
ally accepted theory of the Electrical Ma- 
chine. 


NAMITE AT LLANBERIS. 


From the “‘ Mining Journal ” (London). 


exploded by a percussion cap fixed at the 
end of a Bickford fuse. The quantity of 
dynamite used was about 1 lb., and the two 
ends of the bore hole were left open with- 
out any tamping being used. On the ex- 
plosion taking place the mass of iron was 
blown into two pieces, with a clear rent the 
One of the pieces 
was blown 10 yards distant, where it struck 
against the side of the quarry, and the oth- 
er half was blown a distance of 12 yards on 
to a bank 12 ft. high. 

2. About # lb. of dynamite was put into 
a wooden tube, covered at the end with a 
piece of ordinary sheet tin, and placed 15 
in. from an iron girder 2 in. thick, and on 
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being exploded, small portions of the tin 
perforated the iron to the extent of } in. in 
depth. 

3. A solid piece of wrought iron, 9 in. 
square, was placed on the ground, and 
5 lbs. of dynamite was put on the top 
of it in an open cylinder of thin sheet iron 
without being closed, and on the explosion 
taking place, the wrought iron was con- 
siderably compressed, and split into two 
pieces. 

The above experiments having sufficient- 
ly illustrated the extraordinary power of 
dynamite when exploded by the detonations 
of a percussion cap, further experiments 
were made to test its safety in case of acci- 
dent from concussion or fire. For this 
purpose the following experiments were 
made: 

4. A 56-Ib. case of dynamite, in its ordi- 
nary packing as imported, was dropped 
down a quarry 60 ft. high, and fell to the 
bottom without breaking the case, or doing 
any damage whatever. 

5. A similar case was then thrown down 
another quarry from a height of 130 ft.; 
the case was broken into small frag- 
ments, and the packages of dynamite were 
broken open, and the powder scattered 
about, without the slightest explosion tak- 
ing place. 

6. A 56-lb. case of dynamite was placed 
at the bottom of a quarry, and a large box 
filled with sand and slate rubbish, weigh- 
ing between 2 and 3 ewt., was allowed to 
fall on it from a height of 60 ft. The case 
of dynamite was completely smashed, and 
the contents scattered about, without any 
appearance of explosion or fire. 

7. The chief experiment of the day was 
intended to show the result which might be 
expected in case a magazine of dynamite 
were to take fire. A magazine of wood, 8 
ft. square, covered with felt roof, similar in 
all respects to those being erected by the 
British Dynamite Company, at their manu- 
factory at Ardeer, had 12 of the cases of 
dynamite containing together 6 ewt., placed 
in it, with a large quantity of shavings and 
wood with petroleum, and was set fire to. 
The magazine burned with a considerable 
flame for about 25 min. until the dynamite 
caught fire, and then threw outan exceedingly 
fierce red flame for 12 min., when it explod- 
ed with great violence, making a very loud 
report, and leaving a hole about 5 ft. deep 
on the peaty ground where the magazine 
had stood. 





8. A case of 56 Ibs. had a small hole 
made in it, through which a Bickford fuse 
was inserted, and the box was turned 
with the fuse downwards, and on being 
set fire to, the whole of the dynamite 
burned away without any explosion taking 
place. 

9. A packet containing 6 Ibs. of dyna- 
mite was placed in a 3-in. deal box, nailed 
down, placed on a quantity of shavings and 
wood in a close corner of a quarry and cov- 
ered with slate rubbish; a large slab of 
slate being placed on the top. The wood 
was then set fire to, and after burning for 
about half an hour the dynamite caught 
fire, and burned quietly away without any 
explosion taking place. 

The result of these experiments appeared 
to give general satisfaction. The extra- 
ordinary power of dynamite was aptly illus- 
trated by the fracture of the solid piece 
of wrought iron, some of the committee 
expressing beforehand the opinion that 
the quantity of dynamite used could not 
be expected to fracture so strong a mass 
of iron. 

The fourth, fifth, and sixth experiments 
were conclusive to show that dynamite is 
quite safe from explosion from ordinary 
concussion, and the eighth and ninth showe l 
that it may be set fire to, and will burn in 
reasonable quantities without any explosion 
whatever, while the seventh experiment 
was conclusive to show that in storing large 
quantities in magazines the usual and ordi- 
nary precautions applicable to all explosives 
ought to be adopted, since dynamite, like 
all other explosives, when set fire to in 
large quantities, and in close magazines, 
may be expected to explode. Some of the 
committee, while expressing their surprise 
that so large a quantity of dynamite should 
burn so long as 12 min. before explod- 
ing, gun cotton having under similar 
circumstances in the experiments near 
Hastings exploded in as many seconds, 
stated their satisfaction that it did ex- 
plode, and showed the numerous quarrymen 
who were in attendance that ordinary care 
ought to be adopted in its use, and that 
they ought not to burn it with perfect im- 
punity. 

The necessity for such a lesson is shown 
by the fact that after the dynamite had 
been burning full 10 min., and just before 
its explosion, one of the quarrymen was 
anxious to go close to it, and was with difli- 
culty restrained from doing so. 
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THE BATTLE OF THE GAUGES RENEWED — RAILWAYS OR 
RAILWAYS.* ) 


From “ Engineering.” 


Some months ago General G. P. Buell, 
the Chief Engineer of the Texas Pacific Rail- 
road, sent in to his Directors a report advo- 
eating the adoption of a 3 ft. 6 in. gauge 
for that line, and pointing out at the same 
time the advantages of the narrow gauge 
generally. The undertaking being an un- 
usually large one, however—the proposed 
trunk line being 1,500 miles in length—Mr. 
Marshall O. Roberts, the President of the 
railroad, did not feel justified in deciding 
unadvised upon the gauge which was to be 
adopted, and he accordingly submitted 
General Buell’s report to the Hon. Silas 
Seymour, of New York, with a request that 
he would state his opinion on the matter. 
Under these circumstances a counter report 
was made by Mr. Seymour, in the course 
of which he reviewed the arguments in 
favor of narrow gauge, but arrived at con- 
clusions diametrically opposed to those ad- 
vanced by General Buell. It is this “ Re- 
view ” of Mr. Seymour’s with which Mr. 
Fairlie deals—and which we may add he 


demolishes—in the work before us, of the | 


contents of which we now propose to speak. 

Inasmuch as Mr. Seymour’s “ Review” 
has probably been circulated to but a very 
limited extent in this country, Mr. Fairlie 
has adopted the plan of dealing with it 
paragraph by paragraph, quoting each para- 


graph, or group of paragraphs, relating to | 


one division of the subject at the head of 
his comments upon that division. This ar- 
rangement is an exellent one, as it not only 
places both sides of the question clearly 
before the reader, but also does full justice 
to Mr. Seymour’s arguments, and renders 
it impossible for that gentleman to com- 
plain of injustice having been done him by 
partial quotation from his writings. And 
we may say here that we fully agree with 
the remark made by Mr. Fairlie in his in- 
troduction, that Mr. Seymour has evinced 
every disposition to treat the subject he has 
attempted to review fairly; but he has evi- 
dently written with but an imperfect knowl- 
edge both of the theory of narrow gauge 
and of the practical results which have 
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already been obtained by its adoption. Mr. 
Seymour may, in fact, be taken as an able 
representative of an important class, wh», 
having positions which make their opinions 
heeded, denounce narrow gauge progress, 
not from any desire to be unfair, but simply 
because they do not take the trouble to in- 
form themselves of fact and practical details 
which would alone enable them to arrive at 
a just conclusion. As an able reply to the 
arguments advanced by this class of oppo- 
nents, Mr. Fairlie’s book is calculated to do 
good service, while it possesses additional 
value from the fact that it contains a sum- 
mary of information concerning narrow 
gauge lines such as has never before ap- 
peared in so compact a form. 

General Buell, in his report on the Texas 
line, when comparing the 4 ft. 8} in. and 3 
ft. 6 in. gauges, claimed as the advantage 
in favor of the adoption of the latter, that 
the cost of its road-bed would be to that of 
the broader gauge as 100 to 130; and the 
cost of its superstructure as 100 to 145; that 
it would permit of the attainment of the 
necessary speed of 35 to 45 miles per hour ; 
that the cost of the necessary equipment of 
rolling stock would be as 100 to 150, or 
100 to 155; and that in working, the per- 
centageof dead weight to paying load would, 
on the narrower gauge, be about ;47, against 
2, on the broad. These advantages Mr. 
Seymour will not admit, but he adds that 
even if any one of the advantages above 
stated can be proved, General Buell will 
have gained his case. 

Passing over his preliminary arguments, 
we find Mr. Seymour endeavoring to as- 
certain the comparative relative cost of 
earthworks, ete., on broad and narrow gauge 
roads, by assuming that a formation width 
of 12 ft. will do for a line of 4 ft. 8§ in. 
gauge, and one of 10 ft., for a line with a 
gauge of 3 ft. 6 in., and then reducing the 
prism representing the section of the em- 
bankment or cutting for the broad gauge, 
by taking a 2 ft. slice out of the middle. 
Mr. Fairlie of course at once demolishes 
this argument, and not only points out the 
errors in Mr. Seymour’s reasoning, but 
brings forward facts deduced by Mr. Carl 
Pihl’s practice in Norway, and other prac- 
tical experiences elsewhere, to upset Mr. 
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Seymour’s conclusions. As our author 
justly states, “an average mile of properly 
designed narrow-gauge road, ready for 
grading, is not an average mile of standard 
road with a piece cut out of the middle.” 
In this sentence we have the whole gist of 
the matter, and until those who theorize 
upon the broad and narrow gauge question 
thoroughly understand this, their arguments 
must go for little or nothing. 


Proceeding next to the consideration of | 


the cost of superstructure, Mr. Fairlie 


shows that Mr. Seymour has treated General | 
Buell unfairly, by assuming that the General | 


claimed an economy of 45 per cent. of the 
cost of the broad gauge, whereas what he 
really did claim was a difference of 45 per 


cent. of the cost of the narrow, or about | 
two-thirds as much. Taking the latter | 


basis, Mr. Fairlie proceeds to show that 


General Buell is correct in his statements, 


the details of the various items of cost being 
fully worked out. And here Mr. Fairlie 


takes the opportunity of pointing out the | 


differences between narrow gauge and 


“light” broad gauge lines, explaining | 


why the latter cannot be so economical as 
the former, and exposing the fallacious 


reasoning which has frequently been ad- | 


vanced on this subject. Here again, too, 


we find facts brought forward to support | 


theory, Mr. Fairlie quoting the details of 
Mr. John Fowler’s estimates for the 
alternative light 5 ft. 6 in. gauge and 
3 ft. 6 in. gauge lines between Kotree 


and Moultan; these lines, which were | 
laid out over the same ground, and | 


with the same weight of rails, showing, in 
the total cost of construction and equip- 
ment, a saving of £846 per mile in favor 
of the narrow gauge. 

Turning next to the rolling stock, we find 
Mr. Fairlie pointing out the influence which 
the employment of the Fairlie engine exerts 
upon the traffic-accommodating capabilities 
of the narrow gauge. We have ourselves 
pointed out in this journal on several occa- 
sions that the most intimate connection ex- 
ists between the full development of narrow 
gauge lines and the employment of Mr. 
Fairlie’s locomotives. As far as the carry- 
ing stock goes, it is simply a question of 
additional length of train to make the loads 
hauled on the narrow gauge equal those 
hauled on the broad. A broad-gauge line 
will carry a certain load per foot run of 
train, and a narrow-gauge line, with lighter 
rails, a certain less weight per foot; and 


| 
this being so, all we have to do is to make 


| the lengths of the trains in the inverse 
proportions of these weights per foot, to 
get the same aggregate load in the two 
cases. When we come tothe engine, how- 
ever, the case is different. With the nar- 
rower gauge the ordinary type of locomotive 
becomes crippled to a greater or less extent. 
The width of fire-box and size of boiler be- 
/come limited, and hence, also, the power 
the engine is capable of developing. With 
the Fairline engine, on the other hand, there 
is no such reduction of the capacity, conse- 
quent on the reduction of gauge, the man- 
/ner in which the boiler is carried and the 
position given to the fire-box between the 
| two bogies, rendering it possible to get any 
desired amount of heating surface and fire- 
grate area even upon lines of extremely 
narrow gauge, while the freedom of mo- 
tion given by the double bogie system en- 
| ables the engine to adapt itself perfectly to 
the sharp curves which frequently form 
special features in economical narrow-gauge 
| railways. 

The question of the relative weights of 
| the carrying stock on the narrow and broad 
gauges, and the proportions between the 
dead weight and paying loads which will 
| be found to exist in the two cases, are very 
ably and fully dealt with in the work be- 
fore us. Taking Mr. Seymour’s statements 
as his text, Mr. Fairlie proceeds to disprove 
| those statements, and in doing so gives an 
/exhaustive summary of the practical ex- 
perience relating to the subject which has 
been gained by English, American, and 
Continental engineers. In dealing with the 
question of dead weight also, we find our 
author giving due prominence to the impor- 
tant fact, that to insure economical working 
the capacity of the carriages or wagons em- 
ployed must be specially adapted to the re- 
quirements of the traffic; and in directing 
attention to this fact he shows very clearly 
that with the narrow gauge vastly greater 
facilities are afforded for fulfilling these con- 
ditions properly. Indeed, the “ adapta- 
bility” of narrow-gauge lines and their 
rolling stock is one of their most distinguish- 
ing characteristics. 

We now come to the single point in 
which Mr. Seymour and Mr. Fairlie are in 
agreement, this being that the objections to 
a break of gauge are generally overrated, a 
view which we have ourselves advanced on 
several occasions. In connection with this 
subject, some interesting facts are given re- 
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specting the cost of transferring freights on 
different lines where breaks of gauge occur, 
and the valuable experience of General 
McCullum on the Erie Railway is also 
quoted. 

One of the arguments advanced by Mr. 
Seymour in favor of the broader gauge is 
that it enables larger wheels to be used, 
and these wheels reduce the tractive resist- 
ances ofthe trains. Speaking broadly, Mr. 


Seymour is, of course, correct; but Mr. | 
Fairlie is not content with broad statements, | 
and taking the sizes of wheels actually used | 


on the two gauges, and the data as to the 


resistances of trains afforded by the valu- | 


able and exhaustive experiments of MM. 
Vuillemin, Guebhard, and Dieudonné, he 
shows that the “very material saving,” 
claimed by Mr. Seymour, amounts to but 4 
per cent. at very slow speeds, while it is 
reduced as the velocity of the trains in- 
creases, until at the very moderate speed of 20 
miles per hour, it has dwindled down to a 
miserable # per cent. The reduced resist- 
ances on curves due to the narrower 


gauge are also duly considered by Mr. 
Fairlie, who deals with the subject in a 
very clear way. 

The concluding portions of Mr. Seymour’s 


review are interesting, as containing some 
records of American practice and experi- 
ence; but they cannot be considered to bear 
directly upon the matter under discussion, 
and Mr. Fairlie dismisses them with a few 
brief comments, of which we need not speak 
further here. Having finished his detailed 
analysis of Mr. Seymour’s “ Review,” Mr. 
Fairlie next preceeds to adduce further facts 
in support of his views, and after quoting from 
this journal our account of the Festiniog 
Railway and its rolling stock, he gives an 
interesting resumé of M. Nérdling’s recent 
work, “ Stimmen iiber Schmalspurige Hisen- 
bahnen.” In this book M. Nordling has 
collected some most interesting statistics 
and general data respecting the results ob- 
tained with the numerous narrow-gauge 
railways already working—facts which we 
commend to the earnest attention of all in- 
terested in this subject. M. Nordling, we 


are glad to find, holds opinions identical | 


with our own as to the value of the Fairlie 


engine for working narrow-gauge railways, | 


and he expresses an earnest hope that such 


a line worked by Fairlie engines may be | 
g y 


constructed in Austria. 
Following the resumé of M. Nordling’s 
book, we have some additional data respect- 


ing the actual working of narrow-gauge 
| lines, collected by Signor Biglia, the well- 
| known Italian Engineer, and next we have 
|a summary of Mr. Fairlie’s own views on 
| narrow-gauge lines and the mode of work- 
ing them. In enunciating his views Mr. 
Fairlie gives full prominence to the objec- 
tions urged against his engines, and then 
replies to these objections in detail, and we 
must say that he has most decidedly the 
best of the argument, and that he has dealt 
with the subject justly and in a true spirit 
of moderation. We shall not reproduce his 
arguments here, because we can not quote 
them at length, and they most decidedly 
| deserve to be read in their entirety, and to 
be read, too, after considering the arguments 
to which they form replies. 

In connection with this part of the book 
Mr. Fairlie gives a series of heliotype illus- 
trations showing a number of engines and 
varieties of rolling stock constructed from 
his designs for different railways; but 
these illustrations, although interesting as 

|reproductions of photographs of actually 
| constructed engines and rolling stock, cer- 
| tainly do not give us a high opinion of the 


. | process by which they have been produced. 


| They remind us, in fact, more of very in- 
| different lithographs printed in sepia-color- 
ed ink than anything else, and we almost 
regret that they should have been intro- 
duced into a book otherwise so well got up. 
The summary of Mr. Fairlie’s views, of 
| which we have just spoken, although forming 
| the conclusion of what may strictly be called 
the “ Battle of the Gauges Renewed,” is 
not the end of the work. It is followed by 
/an interesting account of the Denver and 
| Rio Grande Railway, from the pen of Mr. 
| Samuel Bowles, and after this comes “ A 
| Reply to Mr. Ramsbottom’s Report against 
| the Principle of the Fairlie Engine.” This 
“reply” refers to a report made by Mr. 
| Ramsbottom and Mr. W. P. Marshall, on 
|some engines constructed on Mr. Fairlie’s 
| principle, but not from Mr. Fairlie’s de- 
signs, for the Queensland railways, and in 
it our author decidedly gets the best of the 
argument. The “reply,” however, can only 
be justly appreciated by its perusal as a 
| whole, in connection with the diagrams 
which illustrate it, and we shall not there- 
| fore speak of it further here. 
| We now come to the concluding section 
of Mr. Fairlie’s book, which consists of a 
collection of diagrams, showing the weights 
and capacities, ete., of the rolling stock in 
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use on English and foreign lines of various 
gauges, and the proportions of dead weight 
and paying load, in passenger and goods 
trains, on these various lines. These dia- 
grams, which are accompanied by explana- 
tory matter, have evidently been compiled 
with great care and with a vast expendi- 
ture of time and trouble, and they not only 
afford, in a compact form, an enormous 
amount of valuable information, but they 
also illustrate, in a most striking manner, the 
truths of many of the arguments which 
have been advanced in favor of narrow- 
gauge railways. 
Altogether Mr. 


Fairlie’s book forms a 


most valuable contribution to our literature 
treating of economical railway construction, 
and its author deserves especial thanks for 
having placed such a vast amount of infor- 
mation at the disposal of the public in such 
a cheap and readable form. The construc- 
tion of cheap lines of narrow gauge has be- 
come one not merely of engineering, but of 
general. public interest, and it is, therefore, 
especially important that the facts relating 
to such lines should be laid before general 
readers in a way that may enable them to 
be universally understood. This Mr. Fairlie 
has done, and done well, in the work we 
have reviewed. 





ON THE FORCE OF THE RUDDER, WITH A READY WAY OF CAL- 
CULATING THE SAME IN HORSE POWER. 


By HENRY RANSFORD, Esq, ASSOCIATE, 


From the ‘‘ Journal of the Society of Arts.” 


Several papers have been read before thig 
Institution on different kinds of rudders, and 
referring also to the great force of the rud- 
der, w ith the difficulty of controlling that 


force in large ships; but there are still two | 
or three matters connected with the subject | 
requiring further investigation, and from | 
which useful information may be derived. 

Putting the helm down, and altering a 
ship’s course, 
compels her to perform half a revolution, by 
revolving on a centre within herself, her 
wake showing, at the same time, she has 
passed along an irregular semicircle ; this 
effect, we know, is caused by the water im- 
pinging on the rudder with a force in pro- 
portion to the rate at which the vessel is 
moving. 

This centre, or point of the keel on which 
a vessel revolves, is very difficult to deter- 
mine. I am disposed to think that when a 
ship is said to be in good trim, about the 
centre of the floor (taking its length and 
breadth) is her point of gyration ; but if not 
in trim, the longitudinal centre of her gravi- 
ty or total weight (if I may so express it), 
becomes the point, and I confess I do not 
see a way to determine it exactly. 

The main thing, however, is, that a ship 
has a centre on which she pivots in obeying 
the action of the rudder, and one in particu- 
lar in which she obeys that action better 
than when that centre is changed; and, as 
a rule, this action is much further from the 


say from north to south, | 
| starboard side from this centre to the stern 





'stern-post than the stem, thus giving the 


rudder a longer lever to exert its force in 
guiding the ship, regarding that turning- 
point as a fulerum. 

The longer the ship the greater the power 
required to turn her round ; hence it is im- 
‘portant to know the w hereabouts of her 
centre of gyration, and what excess of lever 
the rudder has to act on to overcome the 
forward resistance; because, while (say) her 


is turning and forcing the water one way, 
her port side from the centre to the stem is 
turning and forcing water in the opposite 
direction. 

Take for example a ship of 300 ft. long, if 
her revolving centre is only 130 ft. from the 
stem, then the rudder has a leverage of 170 
ft. to overcome the forward resistance, and 
she probably steers easily; but if, on the 
contrary, her centre of gyration is much 
nearer to the stern-post, she will be found 
to steer badly, and the suggestion, as a 
remedy, would probably be to increase the 
size of the rudder, although altering her 
trim might produce a better result. 

A vessel at anchor in a tide-way takes a 
sheer very quickly, because, if she has a 
pivoting point, then it must be the outer 
edge of the hawser pipe, and the flowing tide 
quickly adjusts any displacement of water. 
To calculate the power of a rudder guiding 
a ship, the depth of water she draws has to 
be considered, as well as the force of current 
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32,000 pounds ~ 10 = 3,200 + 13 = 247 gallons 
raised 13 per minute. 
303, 600 gallons + 247 = 1,289 H.P. force of rudder. 


created by the speed. A ship drawing 26 
{t., displacing water at her keel of a pres- 
sure of 13 lbs. on the square inch, we can- 
not wonder if a difficulty is found in steer- 
ing her, but the mean of that depth gives a 
pressure equal only to 65 lbs. on the square 
inch that the water bears on the rudder, 
which, forced against it at the vessel’s 
speed per hour, is the actual power of the 
helm. 


Taking into consideration that the lower 
part of the rudder is much broader than the 
upper part. some of the largest iron-clads 
have a force of 1,400 H. P. at a similar 
angle, hence the difficulty of putting the 
helm down. 

This amount of force will probably aston- 

In ascertaining this amount of force, the | ish many who have not gone into the ques- 
area of the rudder has also to be taken. Aj tion. A ship the length of the Warrior, 
large iron-clad is fully 150 ft., which may | 380 ft., taking her centre of turning at two- 
be got over to an angle, making it equal to | fifths from the stem, has to displace a vol- 
a square of 50 superficial feet, dragged | ume of water 26 ft. deep, equal to * 





2 semi- 
through water of an average resisting pow- | circles, one a radius of 152 ft., the other 228 
er of 6} lbs. on the square inch, at the rate | ft., whenever her head is turned half round 
of 10 knots per hour; the power required | the horizon, or from north to south; the 
to do that is the force executed by the rud- | power to accomplish this displacement in 6 


der in turning such a ship round when | 
going at that speed. 

Thinking it desirable that the amount of | 
this force should be estimated in horse-pow- | 
er by some easy method, not being a mathe- 
matician myself, I applied to others, but | 
they were unable to sulve the problem; I 
have, therefore, worked it out in my own | 
fashion, and I should be gladif any scien- 
tific gentleman present would point out if it | 
is erroneous. I start with the data proposed | 
in a paper I read last year, that was not | 
contradicted—viz., that no floating body can 
move through water without sending the 
displaced water to the surface; and finding 
from reports of trial-trips that vessels in 
turning usually lose at least one-sixth of the 
speed they were going in a straight course, 
that proportion has been adopted. Take a 
ship drawing 26 ft., going 12 knots per 
hour; rudder 150 ft. area put over to an 
angle of 30 deg., which in water I consider 
would be equal to 50 ft. square, at a medium | 
depth of 13 ft., and reduce speed to 10) 
knots; one knot in 6 min. equal to 1,012 | 
ft. per min. This would be equal to raising 
a volume of water 1,012 ft. long, 10 ft. by 
5 ft., 13 ft. high in a minute. 


1,012 
50 





50,600 cubic feet 
6 


303,600 gallons of water 
10 


3,036,000 pounds of water 


Watts’ calculation, 32,000 pounds of water raised 
one foot per minute = 1 H.P. 





|ned capstan. 


or 7 min. must be very great. 

Swinging a vessel round in a quiet dock 
is found to be a very slow and laborious 
process, even with a powerful and well-man- 
If, then, it requires this 
amount of power to turn these large ships 


| round in fine weather, it is not difficult to 


understand why in bad weather, making 
but little headway, occasionally they will not 
answer the helm at all; or thatit was found 
next to impossible to get the head of the 
Great Eastern round, when during the 


| heavy gale in which she was disabled, she 
| rolled helplessly in the trough of the sea for 


so many hours. 

I once saw the Minotaur in the Channel 
off Portland, under sail alone, in a moderate 
breeze ; she might have been going 5 knots, 
when she went about. We did not time 
her by the watch, but it was the opinion of 
three or four who were looking at her that 
she was in stays over a quarter of an 
hour. The helm could have had no power 
the last 10 min., it was only the two for- 
ward topsails aback that at length got her 
round. 

When a vessel has bilge-keels—those 
very questionable appendages to prevent 
rolling—there is another force acting 
against the power of the rudder. A large 
ship so fitted, lying over at an angle of 15 
deg., brings the leeward one to a perpen- 
dicular at a depth of some 20 ft. below the 
surface of the water, offering a great resist- 
ance to the turning of the ship; that, with 
equal arva, would be equal to the power of 
the rudder, were the speed of the rotary 
motion equal to the forward one ; but I find 
from the report of many trial trips, that the 
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speed of the former is not more than 1-16th | iron light-ship in the Bristol Channel, fitted 
of the latter or forward one. with rolling chocks 15 in. deep, proved pret- 
Should any advocates of bilge-keels doubt | ty clearly that she rolled with the water, 
their resistance to the turning of a ship, let | not in it, for in a short time the spaces be- 
them take a plank 20 ft. long and 15 in. | tween the chocks were completely filled up 
deep, weighted to float edgeways level with | with mussels, that when removed amounted 
the water; then make fast one end, and | to tons in weight; now, had the vessel have 
with a rope drag on the other, until the | rolled in the water, the dash against the 
plank has made a half-circle ; knowing that | chocks would have prevented the mussels 
foree, then calculate how much would be | taking up such snug quarters, 
required to turn 180 ft. long 20 ft. below| If therefore bilge-keels do not prevent 
the surface. The result will be instructive. | rolling, and interfere with the steering of a 
Having termed bilge-keels as questiona- | ship, why continue the use of them? I ask 
ble appendages, to prevent rolling, I do so | the question, may not the difficulty of steer- 
for this reason—that a ship does not of her- | ing some of the large iron-clads (havi ing to 
self roll in the water, but with the water or | be fitted with hy draulic or steam- -power > for 
rave in motion. A ship is comparatively | the purpose), be caused by their requiring 
still; a heavy wave comes on, lifting her up | so much more helm, in consequence of the 
sideways, and passing under her, the vessel | resistance of their bilge-keels? It might be 
rolls over to her other side, sliding down the | a useful experiment to remove them from 
receding wave into the hollow between it and | the one that steers the worst, and carefully 
the next one ; when, if another wave did not | observe if any change took place either in 
follow on, she would soon remain still, hav- | rolling or steering; 1 cannot fancy she would 
ing gained her equilibrium or perpendicular. | be in any way a worse ship after their re- 
Although a landsman, I have repeatedly | moval, and most certainly an easier one to 
watched vessels rolling, both in rough and | steer. I am not aware that the question of 
very heavy weather. A moderate sea on the | the value of bilge-keels, or their interfering 
beam or quarter lifts the ship in the direc- | with the steering of a ship, has been brought 
tion she is going; but a heavy beam sea / before this institution, and I feel that an 
appears to strike the ship low down, lifting | expression of the opinion of practical men 
her up with the deck inclined towards its | might be very useful, as several of our large 
crest ; and this is the critical moment when | iron-clads are fitted with them. 
a large ship resisting or checking the base| Now that so many merchant steamers are 
of the wave, the upper part flows on, breaks | being built eight or nine times the length 
on board, and the vessel is said to ship a | of their beam, with comparatively small en- 
green sea. A vessel rolls deeper and easier | gine power for long voyages, it will be use- 
before the wind with a heavy sea following, | ful for the masters “of those vessels to have 
catching her sometimes under one quarter | some ready method of calculating the power 
and occasionally the other; with nothing to | absorbed by the rudder at given angles, to 
counteract this lifting power, a ship thrown | compare with the power of engine. A vessel 
over on one side has to recover herself; but | of this class was lost not long since ; had 
if another sea does not again lift her, the | her captain known the relative | power of his 
rolling quickly diminishes. What is termed | engine and rudder he would probably have 
the periodic time of a vessel rolling, appears | kept a better offing, and saved the ship. 
then from actual observation, is the time it | 'To first-class steamers with powerful engines 
takes for succeeding waves to follow on, and | it may not be of so much consequence, but 
tumble the ship from one side to the other. | still a correct knowledge of speed and rud- 
Watch two or three boys making a boat | der-power would be a help—as head to sea, 
roll in a river; so long as ‘they go from side | in heavy gales, the rudder has little guiding 
to side, the boat rolls—the panes they | power; and at an angle supposed needful 
cease, the boat becomes still again. A ship | to get a vessel out of the trough of the sea, 
under sail heels over sci. 09 to the} | might almost’nullify the power of the engine. 
strength of the wind, more or less as it in- | It may be said a seaman knows all these 
creases or lessens; the wind dying away she | things intuitively; nevertheless the observa- 
becomes upright; there is no inherent pow- | tions of a landsman, without responsibility 
er in a sailing-ship or steamer to go from | to distract his attention, may suggest new 
side to side like a pendulum, unless some | ideas, and partly with this view I have 
external force continually acts on them. An | written this paper. 
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WATER CONTAMINATION AND SPECULATIVE CHEMISTRY. 


From ‘The Engineer.” 


Viewing the indispensability of water as 
an article of large consumption in our die- 
tary rations, and considering, moreover, that 
it is an article of diet which, unlike many 
others, admits no possibility ofchoice to the 
inhabitants of a large city such as London, 
one cannot wonder that so much popular 
anxiety is shown in respect to its noxious 
impurities. We emphasize noxious, be- 
cause, without such adjective qualification, 
the word impurity, used in its chemical and 
obvious sense, would cease to convey to the 
general public any intelligible meaning. 
Now, unfortunately, the question, What is 
a noxious water impurity ? has to be begged; 
and as to the response there exists—not 
only amongst individuals of the general pub- 
lic, but amongst water analysts themselves 
—a wide divergence of opinion. The case 
is one that imposes special difficulty on the 
analyst, for the reason that he starts from 
no fixed point or condition having special 
claim to the designation “normal.” If 


such a thing as absolutely pure water had 
been presented to us anywhere by nature 


—if demonstration had been made that 
such absolutely pure water was better than 
any variation from that standard for dietetic 
use—then the chemical analyst, in laying 
the results of his experiments before the 
public for purposes of general utility, would 
have been absolved from many difficulties 
and causes of error which now beset him. 
Proceeding from analytical deductions to 
practical means for ameliorating the condi- 
tion of a given water supply, he would 
know at least what to aim at, even though 
the result achievable might—as it assuredly 
would—fall short of the aim. He would 
try, by all expedients in his power, to ap- 
proach the condition of distilled water—a 
liquid compound of oxygen and hydrogen 
wholly, pothing dissolved in it—not even 
atmospheric air. Now, such a liquid is 
absolutely foreign to nature. When artifi- 
cially prepared, and tried for purposes of 
experiment, it is found to be so prejudicial 
to health that such water has to be aérated 
before the stomach can gratefully receive 
or advantageously appropriate it. Were 
there a possibility of furnishing London 
with no water but distilled water, and that 
in adequate quantity, such water must actu- 
ally be more or less contaminated before 
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adaptation to the dietetic needs of man. 
Without aérial impregnation at least, it 
could not be readily digested, and without 
the presence of a small amount of mineral 
matter—by preference, lime carbonate—it 
would rapidly corrode all lead with which it 
might come into contact, and thus—lead 
tanks and pipes being a necessity—would 
induce universal poisoning. 

In consequence, then, of unacquaintance 
with the best standard of water for dietetic 
purposes, the reports of water analysts have 
of late years shown more divergence than 
might have been expected from professors 
of a correct science. This divergence is 
more physiologically speculative than rigidly 
chemical, attributable not so much to varia- 
tions of record in regard to things found as 
in respect to methods of grouping them, and 
to speculative opinions founded upon them. 
In cases where the water analyst is a 
medical man considerable license may be 
accorded for expressions of belief as to 
nocuity or innocuity, though even then the 
analyst would perhaps do well to publish 
mere records of analysis, leaving indepen- 
dent minds to fix relations and impute 
physiological qualities to things found, 
which the analyst himself could hardly do 
without begetting the impression that he 
may have conducted the analysis under the 
influence of bias. 

Far be it from our meaning to impute to 
any analyst of experience and reputation 
that the influence of any bias would affect 
his estimation or non-estimation of this or 
that material. We have already explained 
that the real difference between non-accord- 
ant chemical reports of one and the same 
water is preferable to variation in mode of 
grouping things found partly, but still more 
to collateral inferences and deductive guess- 
es. To give a frequently occurring ex- 
ample, the following may be cited :—A por- 
tion of water holding nitrite or nitrate of 
ammonia—perhaps both—is sent for anal- 
ysis to two different chemists, one of whom 
is under the firm conviction that the salts in 
question can only find their way into water 
through previous sewage contamination, 
whilst the second chemist holds the contrary 
belief, that nitrite and nitrate of ammonia 
can find their way into water through elec- 
trical and atmospheric agencies. Now, 
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according as the results of analysis may 
have been set down and commented upon 
under the influence of this belief or that, 
the reports may vary in tendency from the 
point of absolute condemnation of the water 
for dietetic purposes to the opposite extreme 
of proclaiming it wholly salubrious. There 
is nothing prejudical to health in either ni- 
trite or nitrate of ammonia to the possible 
extent of their existence in any sample of 
water. The presence of these salts is merely 
laid hold of as furnishing collateral proof of 
another and previous condition, the insalu- 
brity of which is fully admitted. We con- 
sider it a subject to be regretted that of late 
years there has been a tendency to prose- 
cute chemical analyses under a system of 
collateral proof and inference, which if not 
guarded against threatens to bring uncer- 
tainty into what ought to be a certain 
science. What, too, awakens much regret 
is the fact that, under the aspect of ex- 
treme precision, this prosecution of analysis 
by collateral proof, or rather inference, not 
unfrequently gives rise to inevitable and 
abundant error. Thus we emphatically 
protest against the use of quantitative color 
tests on any possible occasion ; but perhaps 


our objection lies in the highest degree 
against these agents when used as now 


commonly prevails in water analysis. The 
time is not so far removed when evidence of 
the balance—weighing —was alone accepted 
as worthy of faith in any statement of 
things found in the progress of analysis. 
At present, in many sorts of analysis, 
weighing has become rather the exception 
than the rule, volumetric estimation having 
supplanted it. There is nothing to be 
urged against the cases of volumetric analy- 
sis, in which weighing is indirectly involved ; 
as, for example, in comparing a known vol- 
ume of cloride of sodium solution of known 
strength with a corresponding volume of 
solution of nitrate of silver. In that case, 
and others similar, the operation of weigh- 
ing, instead of being wholly dispensed with, 
as at first would seem to be the case, is 
only thrust a stage back, namely, back to 
the operation by which the original test 
solution was made. The class of volumetric, 
so called quantitative, estimations to which 
we emphatically object, comprehends the 
professed estimation of various things, not 
qualitatively but quantitatively, by judging 
of the precise depth of tint imparted toa 
fluid on addition of a stated constant quan- 
tity of test solution in a glass vessel of as- 





sumed constant shape and capacity. We 
are loth to impugn by name any test which 
bears the name of a chemist who devised 
it, but water analysts will easily recognize 
one test of this description as especially 
present to our minds. We impeach the 
accuracy of this sort of miscalled qwantita- 
tive chemistry altogether. Under no cir- 
cumstances would the application of such a 
test evolve correct qantitative results ; but, 
perhaps, the strangest cause of objection 
lies in the pretence of a quantitative 
accuracy, with which all evidence accruing 
from tests of this kind is invested. To see 
the fraction of a grain of ammonia in a gal- 
lon of water stated in the fourth or fifth 
decimal place, as is now often done on the 
evidence of a much-used color test, is posi- 
tively absurd, and when on such evidence 
physiological theories of disease origin are 


|founded, one cannot but marvel at the 


small amount of testimony on which a 
theory can find popular acceptance. 

The wide divergence of opinion which 
prevails amongst various analysts as to the 
nocuity or innocuity of various things pres- 
ent in water, shows at least that room for 
doubt still exists on many points of this 
subject. On a former occasion we ventured 
to propound the question, whether the very 
prevalent belief in the superiority for po- 
table use, of deep-well water over every 
other natural water, be a fact so well estab- 
lished as most doctors would have the pub- 
lic believe? If it really be a fact, then, 
the digestion of man must be amenable 
to conditions differing from those of all 
other vertebrate animals. Every groom 
knows that deep-well water is more pre- 
judicial to a horse than even the water of a 
muddy stream. Every intelligent herds- 
man knows the same rule applies to his 
cattle: If it be a fact, then, it is a curious 
fact that deep-well water, highly charged, 
as it mostly is, with mineral substances, 
should suit the digestive powers of mankind 
better than the water of running, streams. 
One question more.in the spirit of investi- 
gation we would like to propound to micro- 
scopists and medical authorities. It is, 
whether since the imagined tracing of 
cholera distribution’ to the presence of a 
specific germ conveyed mostly by water (the 
demonstration has never been actually 
made out), the fear of all organic germs 
has not been overstrained ? We would not 
be understood as denying the connection 
alleged to subsist between the dissemina- 
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tion of cholera by a specific germ; on the 
contrary, the affirmative commends itself 
strongly to our belief; but in all cases it is 
well to establish sharp distinctions between 
things proved and other things strongly 
suspected. Granting, for purposes of argu- 
ment, the existence of cholera germs, typhus 
and typhoid germs, and others many, it 
does not still therefore follow that chemists 
and microscopists are justified in consider- 
ing each and every species of organic germ 
present in water to be necessarily prejudi- 
cial to human health. With equal reason 


might an indictment be laid against the air 
we breathe, which, under each and every 
possible condition of respiration, conveys into 
our lungs myriads of organic germs. The 
atmosphere teems with those small forms of 
life, some prejudicial doubtless, but the 
majority harmless, nay, according to the be- 
lief of certain naturalists, advantageous, 
the opinion having lately gained ground 
that certain of these air-borne germs have 
some important and yet undiscovered 
function to perform in the economy of ani- 
mal life. 


LAND SPANS AND ARCHES. 


From ‘‘The Building News.” 


The majority of bridges erected over | 
rivers and streams have one or more land 
spans. By the term “land span,” or “land 
arch,” is meant the span or spans nearest 
to the abutments, under which no water 
flows, or flows only at certain times. This 
is the broadest definition of the term, and 
some discrimination must be used in its 
application. Let us, for instance, take the 
case of a bridge of five or six arches or 
spans, erected over a wide river in a moun- 
tainous district. At certain seasons of the 
year ail the spans, with, perhaps, the excep- 
tion of the centre one, will be dry, and pass- 
able for both vehicles and pedestrians. But 
during the autumn and winter the floods from 
the upper levels will be so violent as to 
form a deep and rapid current, extending 
from one abutment to the other. Although 
the majority of the spans are, therefore, dry | 
at certain times of the year, they canscarcely | 
be called land spans. But there is another 
case which bears out more correctly the 
signification of the word. It is that of a 
tidal river, which is not dependent upon 
periodical floods or heavy storms for the 
varying level of its waters, the height of 
which is regulated by the rise and fall of | 
the tide. Again, there is a third case, 
which may be considered as the true expo- 
sition of the technical phrase. This occurs 
when the arch or span nearest the abutment 
is built designedly for the purpose of afford- 
ing a passage underneath for ordinary traffic. | 
A common example is to be seen in the 
bridges over large canals and navigable 
rivers, upon which barges are in the habit 
of plying. ‘To allow a passage for the tow- 
ing path, a small arch is generally turned 


at one or both sides, which is in the strictest 
sense a land arch. Independently of all 
these considerations, a land arch is fre- 
quently attached to a super-aqueous bridge 
for no other reason than to avoid placing 
the abutment too near the water. When 
the foundations,are bad, or of a treacherous, 
unreliable character, it is preferable to found 
the abutments some short distance inland, 
which consequently leaves the span inter- 
vening between them and the first piers .on 
either side nearly dry. There is still one 
more case to be noticed, which embraces all 
those examples in which originally the 
water way extended from one abutment to 
the other, but from alterations in the course 
of the river, either naturally or artificially, 
one or other of the extreme spans have be- 
come dry. This last consideration brings 
us to the more immediate subject of our ar- 
ticle. 

It is said that the present Thames Em- 
bankment, upon the Middlesex side of the 
river, was projected and discussed fully 
thirty years ago, but that owing to that 
procrastination which ever attends the car- 
rying out of public works, it was shelved 
and put off from time to time, until its exe- 
cution devolved upon the men of our own 
day. From the manner in which some of 
the modern bridges over the Thames have 
been built it is evident that but very little 
attention was bestowed upou the probability 
of the Embankment being constructed. 
Waterloo Bridge, being anterior to even the 
proposition of the Embankment, may be 
omitted in the category; but the manner in 
which the wall joins in with Blackfriars 
Bridge is certainly neither pleasing to the 
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eye nor in accordance with the general run 
of the river. Standing on the bridge at a 
point nearly vertically over the first pier 
from the Middlesex end, and ranging the 
line of the Embankment wall, its direction, 
if prolonged, would nearly catch the pier, 
and by a gentle curve could have been 
brought into it, thus converting the arch 
springing from the northern abutment into 
aland arch. As it is, the wall is brought 
by a curve in the reverse direction to meet 
the abutment, and forms a re-entering 
angle, terminating in a complete cz/-de-sac, 
where deposits will rapidly accumulate. A 
glance is sufficient to demonstrate to the 
merest amateur that the line of the wall 
should have been kept back or the northern 
abutment of the bridge pushed forward. 
The true mean would have been obtained 
by making a slight alteration in the present 
position and direction of both. It may be 
urged that in taking this view of the matter 
we have only had regard to the up-stream 
side of the river, and that the position of 
the abutment of the bridge of the London, 
Chatham and Dover Railway, in some 
measure regulated that of the Blackfriars 
Bridge and the Embankment wall. That 
there is some justice and force in this remark 
we do not pretend to deny, but the plea is 
not sufficient to excuse the sharp fork that is 
formed between the northern abutment of 
the bridge in question and the wall. 
Returning to the conversion of wet spans 
into dry ones, the railway bridge at Charing- 
cross furnishes an excellent instance in 
point. ‘There are now three dry, or land, 
arches on the Middlesex shore. One of 
them certainly cannot be called a dry span, 
as will be presently explained. Under one 
of these spans the main road of the Em- 
bankment passes. The next is appropriated 
by a portion of the roof of the Metropolitan 
Railway Station, and constitutes one of the 
most hideous sights along the whole riparian 
route from Westminster to Blackfriars ; and 
the third and last is carried over the back 
road connecting the main thoroughfare and 
that leading from Whitehall with Villiers 
street, the upper end of which opens into 
the Strand. While alluding to this street, 
it may be mentioned, apropos to the matter, 
that unless a sufficient number of thorough- 
fares connecting the Strand and Fleet street 
with the Embankment are opened up, the 
greater part of the value the latter work is 
supposed to confer upon the public will be 
lost. The continuation of Villiers street 





should have been laid out to the left, look- 
ing towards the river, and not taken round 
under the Charing-cross Bridge, thus oblig- 
ing a vehicle coming from that part of the 
Strand to the river to pass twice under 
the same bridge and circumnavigate the 
Underground Railway Station. The 
leakage of railway bridges erected over 
metropolitan streets is notorious, and the 
companies have been compelled to take 
means for preventing it. The usual method 
is to sheet with zine those portions of the 
soffit which are over the footpaths, or to put 
up a kind of zine cover or screen, while 
proper gutters and down-pipes are supplied 
for carrying off the water as it accumulates. 
Something of this sort ought to be done 
with the soffit of the land or fan-shaped 
span of the Charing-cross railway bridge, 
as its present state is simply disgraceful. It 
not only leaks, but there is a regular down- 
pour of water at various points upon the 
pathways and road beneath. It would 
appear as if the methods for accomplishing 
the drainage of the superstructure, when 
there was water underneath the spaninstead 
of a road, had been left unaltered. As yet, 
it is true that there is no thoroughfare from 
the Strand to the Embankment via Villiers 
street, but that is no excuse for allowing 
the state of affairs to continue. The way 
is open to pedestrians ; they ought not to 
be compelled to put up their umbrellas in 
passing under a bridge. Neither can the 
plea of expense to the Company be accepted 
as exonerating them from their responsi- 
bility, for it was perfectly well known at the 
time the bridge was built that before long 
the river would be diverted from some of the 
spans, and that they would ultimately be 
over roads and metropolitan thoroughfares ; 
but with the actual party upon whom it 
may devolve, legally or equitably, to make 
the road passable, we have nothing to do. 
In the interest of the public, whenever new 
routes and streets are carried under bridges 
which may formerly have spanned a water- 
way, itis sombody’s duty to see that the 
soffits are water-tight, and that the drainage 
is discharged into the proper receptacles for 
it, and not upon the persons of the unfor- 
tunate wayfarers below. 





IT HE New Zealand Government has agreed 

with Messrs. Brogden and Sons for the 
construction of eight miles of railway from 
Wellington to Pitone. 
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COMPRESSED AIR ENGINES. 


From “ Engineering.” 


The plan of working tramway cars 
or other vehicles by turning to account the | 
power stored up in a supply of compressed | 
air, is one which has been frequently pro- 
posed, and which has in several instances | 
been carried out in practice with results in | 
some cases satisfactory, and in others of a} 
decidedly opposite kind. In America, in 
particular, this system of propulsion has 
attracted much attention, and we, from 
time to time, receive from the United States 
reports of the more or less successful trials 
of various modes of carrying out the system 
in practice. It unfortunately happens, 
however, that the data available concerning 
these trials are generally of the vaguest pos- 
sible kind. They inform us, perhaps, that 
a car fitted up with a compressed air en- 
gine made such and such trip in such and 
such a time, and that the performance was 
successful, or that it failed in some way or 
other ; but we are doubtful if any really 
complete series of experiments has ever been 
made with one of these engines, or at all 
events we are unaware of a report of any 
such experiments having been published. 
By a complete series of experiments on a 
compressed air engine we mean a trial, or 
series of trials, of the engine on the line of 
which the gradients are known, and with 
a load also known, there being taken dur- 
ing the run or runs, a continuous series of 
indicator diagrams from the cylinders, and 
contemporaneous observations of the tempe- 
ratures and pressures of the air in the 
reservoir, and in the pipe leading to the 
cylinder, besides a record of the temperature 
of the air as it is discharged from the 
cylinder into the atmosphere. The baro- 
metric pressure and the temperature of the 
external air, and the amount of moisture 
present should also be noted, while a record 
might also be kept of the temperatures of 
the external surfaces of the reservoir, of the 
pipes communicating with the cylinders, 
and of the cylinders themselves. 

From such a series of observations as 
that to which we have alluded, some valu- 
able data might be deduced bearing upon 
the construction of pneumatic locomotives, 
and we believe that a great deal of the time 
and money at present spent in so-called prac- 
tical experiments might be saved. It would 





be possible, for example, to deduce from 


such observations information respecting 
the rates at which the air during expansion 
took up heat from objects with which it was 
in contact, and to determine the extent to 
which the heat converted into work was re- 
placed by other heat absorbed by external 
sources. These data being obtained, it 
would become possible to determine approxi- 
mately the best proportions between the 
initial and working pressures of the air 
used (for in most cases the pressure of the 
air is materially reduced on its way from 
the reservoir to the cylinders), the best cylin- 
der capacity to employ for a given amount 
of work to be performed, and the best 
place to make up, or try to make up, the loss 
of heat due to work done. The determina- 
tion of these points, even approximately, 
would be of immense service to those who 
are endeavoring to bring pneumatic 
propulsion into use, and instead of working 
in the dark, as at present most—if not all 
—of them appear to be doing, we should 
earnestly recommend them to carry out 
such trials as those of which we have spok- 
en. If they were to do so we feel certain 
that the cause in the progress of which 
they are interested would be most materi- 
ally benefited. 

From the time that the system of work- 
ing engines by compressed air was first 
proposed, down to the present, on of the 
most annoying practical difficulties with 
which the advocates of the system have had 
to struggle, has been the excessive refrigera- 
tion caused by the expansion of the air, and 
the consequent freezing of the moisture 
contained in it; this freezing resulting in 
the blocking up of the pipes and passages 
with ice. ‘To avoid this trouble, ithas been 
proposed to heat the air on its way to the 
cylinders by passing it through pipes en- 
closed in a stove or furnace, or to envelop 
the cylinders in jackets through which the 
products of combustion of a stove might be 
made to circulate ; while, in the case of the 
submarine boats built at St. Petersburgh 
some time ago for the Russian Government, 
and which are driven by engines worked by 
compressed air, the plan was resorted to of 
connecting the engines with the reservoirs 
by a number of pipes, and shutting off the 
current of air through any of those pipes in 
which ice might accumulate, so that the 
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latter might be thawed by the absorption of 
heat from external sources. In some cases 
upwards of thirty pipes were used to con- 
nect the engine with the reservoir of air. 
This plan of employing a number of con- 
necting-pipes no doubt meets a portion of 
the difficulty ; but it is a plan requiring 
more attention than it is desirable should 
have to be bestowed on the working of 
engines fitted to tramway cars, while the 
proposals to heat the air on its way to the 
cylinders, by passing it through tubes ex- 
posed to the fire of a stove or furnace, or to 
heat the cylinders by means of jackets 
traversed by products of combustion, are 
also open to objection on practical grounds. 


Amongst other things there is, if either of 


these latter plans be resorted to, always a 
risk of giving to the air, prior to its admis- 
sion, or to the cylinder itself, such a temper- 
ature as to destroy the lubricating material 
employed, and thus cause “cutting” to 
take place. 

Having objected to the principal plans 
proposed for obviating the difficulties result- 
ing from the refrigeration of the air during 
expansion, it is only fair that we should 
point out what we believe to be a preferable 
mode of getting over these difficulties. 
This mode consists simply in the employ- 
ment of a hot-water jacket for both the 
cylinders and reservoir, and in the adoption 
of a sufficiently slow piston speed. The 
water jacket may consist simply of a tank 
well lagged externally, and sufficiently large 
to contain the air reservoir, the connecting 
pipes, and the cylinders; or, if preferred, 
the reservoir and the cylinders may be en- 
closed in independent jackets or tanks, it 
being merely necessary to take care that 


each jacket contains a sufficient supply of 


hot water to furnish the heat required of it 
during the run. It may, at first thought, 
be supposed that the quantity of water re- 
quired to supply this heat would be so great 
as to render the plan proposed an impractic- 
able one. So far from this being the case, 
however, the quantity required is remark- 
ably small, as we shall show on a future 
occasion, when we treat of the question in 
greater detail; and we may remark here, 
that for running a 6-ton car for three miles 
over a fair ordinary road, the quantity of 


| the commencement of each trip. In some 
| cases where a stove is employed to warm 
| the car, the heat from this stove could be 
turned to account for maintaining the 
temperature of the jacket water. 
We have mentioned that, in addition to 
| using hot-water jackets, it appears to us 
| desirable that a slow piston speed should 
| be adopted for compressed air engines, and 
| we may explain briefly why we hold this 
| opinion, an opinion which may, perhaps, be 
| opposed to the experience of some who have 
|worked such engines without jacketed 
cylinders. Let us, for instance, consider 
'the case of an engine in which the air, 
stored up at a high pressure in a main 
| reservoir, is led thence, through a reducing 
| valve, to an intermediate receiver, in which 
‘it is maintained at a constant pressure, 
| while from this receiver it passes to the 
| cylinder, and is cut off in the latter at, say, 
| one-third the stroke. In such an arrange- 
ment the work expended in the intermediate 
receiver in supplying air to the cylinder is 
balanced by that developed by the entrance 
of the air from the main reservoir, and 
under these circumstances the intermediate 
receiver is exposed to neither a loss nor 
gain of heat, so long as the air flowing into 
it from the main reservoir is maintained at 
a constant temperature. The work done 
during the first third of each stroke prior to 
the valve closing the admission port, is really 
done by the expansion of the air in the 
main reservoir, and it is to that reservoir, 
consequently, that the heat must be supplied 
if the air flowing to the cylinder is to be 
|maintained at a constant temperature. 
With a hot-water jacket there need be no 
| difficulty in adopting such a form of main 
| reservoir as will enable this required amount 
of heat to be communicated to the contained 
| air with certainty. After the point of cut- 
| off is passed, however, the work done in 
the cylinder during each stroke is performed 
by the expansion of the air contained in the 
cylinder, and this expansion is, of course, 
accompanied by a refrigerating effect. To 
| prevent the temperature of the air in the 
cylinder falling so low during this expan- 
sion, it is desirable to supply heat from 
; external sources while that expansion is 
| taking place. But air takes up heat but 








hot water required for the jackets would be | slowly from the surfaces with which it is 
but about 20 gallons only, it being supposed | in contact, and hence, that the heating to 
that this quantity is renewed by a fresh | which we have referred may be successtully 
supply at a temperature of 200 deg., or | performed, it is necessary either to envelop 
reheated, say, by blowing steam into it at| the cylinder in a jacket of which the con- 
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tents are kept at a high temperature, or to 
employ such a slow piston speed that time 
is given for the absorption of heat from a 
jacket of which the contents are but moder- 
ately heated. For several practical reasons 
we prefer the latter alternative, and hence 
it is that we advocate slow piston speeds for 
compressed air engines. What the best 


| 


| 


| 
| 
| 
| 
| 
| 
| 
| 


piston speed may be it is impossible at | 


present to say, as data for arguing the ques- 
tion properly are wanting; but we consider 
that there is evidence available to show that 
this speed is much lower than has hitherto 
been generally adopted for such engines, 
and we believe that the matter is one which 
has not hitherto received the attention | 
which its importance deserves. Air, it must 
be remembered, possesses very different | 
qualities to steam, and the arguments in 
favor of high-piston speeds for steam | 
engines certainly do not apply to motors 


worked by compressed air. We have 
now directed attention to some of the 
leading points connected with the sys- 
tem of working engines by compressed 


|air; but we have very far from exhausted 


the subject. There are said to be more 
ways of killing a dog than hanging him, 
and it is equally true that there are more 
ways of getting rid of the trouble arising 
from frozen moisture in the class of engines 


‘of which we have been speaking than that 
|of jacketing the reservoir and cylinders. 


| 
' 


A consideration of these methods, however, 
we must leave for a future article, when 
we shall also have something to say of the 
system from a quantitative point of view ; 
or, in other words, shall speak of the 
amount of compressed air which it is neces- 
sary to carry to perform a given amount of 
work, and shall probably treat of the effi- 
ciency of the system as a whole. 


ORIGIN AND GROWTH OF ROMANESQUE ARCHITECTURE. 


jy EDWARD A. FREEMAN. 


From “The Building News.” 


The only sound classification of styles of 
architecture is that which arranges them 
according to their leading principles of con- 
struction. Of such principles, as far as we 
know at present, there are only three; 
more accurately speaking, there are only 
two, one of which again falis into two great 
subdivisions. The two great systems of con- 
struction are the Entablature and the Arch, 
and the arch again may be either round or 
pointed. We thus get three distinct forms 
of construction, the Entablature, the Round 
Arch, and the Pointed Arch. And each of 
these principles of construction has been, in 
its own time and place, the animating prin- 
ciple of a style of architecture. That is to 
say, there have been times and places in 
which each of the three has not only been 
the prevalent form of construction, but has 
been accompanied by an harmonious and 
consistent system of decoration. Each of 
the three constructive principles may be 
looked on as the expression of an sesthetical 
principle. In the case of twooutof the three 
this is generally acknowledged. It is uni- 
versally felt that the architecture of the 
entablature is the expression of horizontal 
extension, that the architecture of the 
pointed arch is the expression of vertical 
extension. It is generally acknowledged 


that the perfection of the horizontal idea is 
to be found in the highest form of the archi- 
tecture of the entablature—that is, in the 
architecture of old Greece. It is generally 
acknowledged that the perfection of the 
vertical idea is to be found in the highest 
form of the architecture of the pointed arch, 
that is inthe Gothic architecture of medieval 
Europe. It is not so generally acknowl- 
edged that the intermediate form of con- 
struction, the round arch, has also its lead- 
ing wsthetical idea. It is not so generally 
acknowledged that there have been times 
and places in which the round arch also has 
produced a style, not perhaps approaching 
so nearly to ideal perfection as either of the 
other styles, but still coming near enough 
to it to be set alongside the other two as an 
independent and equal form of art. 

Yet, if we admit the entablature, the 
round arch, and the pointed arch to be the 
three chief, and seemingly the three only 
possible forms of architectural construction, 
it seems necessarily to follow that the round- 
arched construction must have its leading 


' esthetical idea no less than the other two, 


and that it must be capable, no less than 
the other two, of an ideal perfection. 
Whether it has ever actually reached its 
perfection or not, whether it has ever come 
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so near to it as the other two have, isa 
question which is not now to the point. It 
will not do to say that there is a perfection 
of the arched style, but that its perfection 
must be looked for in the architecture of the 
pointed arch, and that the architecture of 
the round arch is an imperfect form. The 
answer is plain ; the round arch is construc- 
tively as good a form of construction as either 
the entablature or the pointed arch. As a 
mode of building, it stands on a perfect 
level with them. Now, if we admit that all 
good and honest architecture consists in 
finding appropriate forms of decoration for 
good and honest forms of construction, it 
would seem to follow that every good and 
honest form of construction must be capable 
of finding some appropriate form of decora- 
tion, and of thereby reaching an ideal per- 
fection. It seems, then, to follow that the 
architecture of the round arch has a right 
to be looked on as an independent form of 
art on a perfect level with the architecture 
of the entablature and the architecture of 
the pointed arch. Of course, it does not 
follow that it has ever been actually carried 
so near to ideal perfection as either of the 
other styles. It is enough if we allow that 
it has, like them, its leading idea, and that 
it is capable of an ideal perfection, whether 
it has ever actually reached it or not. 

Some of the causes of the general un- 
willingness to admit the claims of the archi- 
tecture of the round arch to an equal place 
alongside of the other two great forms, are 
obvious enough. First of all, I am free to 
admit that the architecture of the round 
arch never has, as a matter of fact, been 
carried so near to perfection as both the 
other two forms have. There is no round- 
arched building so absolutely satisfactory as 
a work of art as either the best Grecian or 
the best Gothic buildings. In comparing 
Romanesque and Gothic buildings, a much 
greater share of the charm of the Ro- 
manesque building belongs to its age and 
its historical associations, a much less share 
to its actual merit as a work of art. I know 
not how others may feel, but to my own 
mind this is proved by the following test. 
A modern Gothic building, if it be really as 
good as an ancient one, is as satisfactory as 
an ancient one. But a modern Romanesque 
building is, tomy mind at least, simply grotes- 
que. The more closely it reproduces an 
ancient building the more grotesque it be- 
comes. This, I think, proves that, in the 





case of the Gothic building, we do, in the | 


strictest sense, admire a work of art, while 
a great partof the charm of the Romanesque 
building is derived from other sources. 
But, if round-arched architecture has never 
been actually carried so near to perfection 
as the other two styles, that fact in no way 
disproves its abstract capacity of reaching 
an equal relative perfection. Secondly, 
though I believe the round-arched style to 
have a leading idea equally with the other 
styles, and to have equally with them an 
appropriate form of decoration, yet neither 
the leading idea nor the appropriate form of 
decoration is quite so obvious in the case of 
the round-arched style as it is in the case of 
the other two. There is something nega- 
tive about all the characteristics of round- 
arched architecture. While the leading 
idea of the architecture of the entablature 
is that of horizontal extension, while the 
leading idea of the architecture of the point- 
ed arch is that of vertical extension, I take 
the leading idea of the round-arched style 
to be that of no extension either way, but of 
simple rest and immobility. The round- 
arched form again has another peculiarity. 
No other can so well dispense with orna- 
ment. Either a Grecian or a Gothic build- 
ing would be wholly intolerable, if it were 
so utterly void of ornament as many Ro- 
manesque buildings are which are perfectly 
satisfactory in their own way. Indeed, we 
may safely say that, the larger a Romanes- 
que building is, the plainer it may be, per- 
haps ought to be. A small chapel in that 
style is commonly much richer than a great 
minster. What, tvo, is the nature of 
Romanesque ornament, when we get any ? 
It is again something of a negative kind. 
The Greek mouldings are of a kind which 
serve to strengthen the horizontal lines sup- 
plied by the construction of the building. 
The Gothic mouldings are of a kind which 
serve to strengthen the vertical lines sup- 
plied by the construction of the building. In 
Romanesque neither of these forms seems 
appropriate. Around arch moulded after 
either the Grecian or the Gothic fashion is 
never satisfactory. Either the horizontal or 
the vertical idea is suggested, and each of 
them is inconsistent with the spirit of a 
style whose leading idea is pure rest and im- 
mobility. Moulding, indeed, in the strictest 
sense of the word, moulding which affects 
the-section, is really out of place in a Ro- 
manesque building. The true Romanesque 
ideal leaves the orders of the arch in their 
natural square section, and seeks enrich- 
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ment by ornament on the surface, whether 
by colored ornament, as in Italy, or by what 
we may call surface-moulding, as in our own 
Norman. At most it attaches a heavy roll 
—a continuation of the jamb-shaft—to the 
square section, instead of carving the square 
section itself away, as in the Gothic system 
of mouldings. In all this we see the nega- 
tive character of the style. It has a leading 
idea ; it has an appropriate form of orna- 
ment; both are capable of definition ; but 
both are perhaps most easily understood by 
describing them as something which is 
neither Grecian nor Gothic. Again in our 
Northern Romanesque, though there is a 
stateliness and majesty above all other styles, 
there is seldom anything to be called real 
beauty of detail, such as we find in Grecian 
on the one side and in Gothic on the other. 
The truth is that the time when the round- 
arched style came nearest to perfection in 
the general design of its buildings was a 
time when, in northern countries at least, 
the decorative arts were at a very low ebb. 
An English sculptured capital of the 13th 
century is, in its way, as beautiful as any- 
thing in Greek art. But when a capital of 
the 11th or the first half of the 12th centu- 
ry anywhere north of the Alps attempts 
sculpture, animal or vegetable, the effect is 
simply grotesque. We may apply the test 
which | before gave. A modern reproduc- 
tion either of a Corinthian or of an Early 
Gothic capital may be fully as pleasing to 
the eye as the original. But a modern imi- 
tation of an enriched Norman or Lombard 
capital, with its rude volutes and its strange- 
ly disproportioned men and beasts, is not 
pleasing, but ridiculous. It has not the 
charm of antiquity and historical association 
which belongs to the original, and it has 
nothing to put in its place. 

This last difficulty, strongly as it may be 
felt in most Northern and in some Italian 
Romanesque, would prove nothing at Pisa 
or Lucca. But all that I have been saying 
as to the negative character of Romanesque 
architecture, and as to the lack of beauty in 
its detail, would of itself go far to account 
for the unwillingness so commonly felt to 
see in the architecture of the round arch an 
independent style, ranking alongside of the 
architecture of the entablature and that of 
the pointed arch. But I think that we have 
not yet got to the root of the matter. To 
admit the round-arched style as an inde- 
pendent form of equal rank with the other 





two, involves giving up a whole train of no- | 


tions about ancient and modern, Classical, 
and the like. If we are to admit the 
claims of the round-arched style as I have 
put them, we must altogether wipe out the 
hard and fast line between ancient and mod- 
ern. We must admit the continuous ex- 
istence of a style whose earlier examples 
were the work of “Classical” Romans, 
while its latter examples were the work of 
Barbarians, Goths, and the like. It would 
be hard to make many people believe that a 
really wider line ought to be drawn between 
two forms of Medieval work than between 
one form of Medieval work and one form of 
Classical. It would be harder still to make 
them believe that one form of Classical 
architecture ought to be looked on as a 
mere imperfect transition to a style which 
was brought nearer to perfection at the 
hands of Medieval barbarians. ‘To those 
who take a wider view of general history 
there is no difficulty in all this. Sweep 
away the distinction of “ancient,” and 
“‘ modern ”—cease to look on things “ Classi- 
cal” as something all by themselves, hedg- 
ed in from everything belonging to other 
times and nations—learn to look on history 
as a whole, and the history of Greece or of 
Rome simply as a part of that whole—and 
there will no longer seem anything strange 
or incongruous in holding that, in architec- 
ture, in language, or in anything else, the 
function of the first century on either side 
of our era was simply to pave the way for 
the eleventh or twelfth century after it. 
Once grasp the true life and spirit of the 
long Imperial history, and there will seem 
nothing wonderful in fixing on the third 
century, in purely Classical eyes a time of 
decay and degradation,, as a time which, 
alike in religion, in law, and in art, stands 
out as one of the great creative ages of the 
world. 

The essence of good architecture of any 
kind is, that its constructive system should 
be put boldly forward, that its decorative 
system should be such as in no way con- 
ceals or masks the construction, but makes 
the constructive features themselves orna- 
mental. Both in Grecian and in Gothic 
architecture this rule is thoroughly and 
consistently carried out. In a Grecian 
building the entablature is the main feature 
of the construction, and it proclaims itself as 
such. In a Gothic building the pointed 
arch is the main feature of the construction, 
and it proclaims itself as such. In neither 
case is there any attempt at concealment or 
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disguise of any kind. But how stands the | 


case with Classical Roman architecture ? 
Here we have a style in which the main 
feature of the construction is not made the 
main feature of the decoration. Here we 
have a style in which the great constructive 
features seem, as it were, ashamed of them- 
selves, where they try to hide themselves 
behind a mask borrowed from a different 
system of construction. The architecture of 
Classical Rome is, like the literature of 
Classical Rome, imitative. Italy, the land 
to which the world practically owes the 
great discovery of the arched construction, 
may very likely have had a native architec- 
ture, as well as a native literature, in the 
days of the Kings and the early Consuls. 
But the architecture of Classical Rome was 
a mere imitation of that of Grece. It was 
indeed but an imperfect imitation. The 
Roman architects were not so besotted as 
to cast away their own great invention of 
the arch, and to fall back on the less flexible, 
less diversified, constructive system of the 
Greek entablature. But just as they spread 
a varnish of Greek forms, Greek metres, 
and what not, over their native Italian 
literature, so, in like sort, they spread a 


varnish of Greek decoration over their 


native Italian construction. Buildings 
whose real construction was that of piers 
and arches, were masked with a decorative 
imitation of the columns and entablature of 
a Greek portico. But as it was in other 
things, so it was also in architecture. The 
true Roman spirit was masked only, and 
not destroyed, by the fashion of Greek 
imitation. As that spirit shows itself in 
the satirists, the historians, and even here 
and there in the poets themselves, as it 
stands out more clearly still in the mighty 
fabric of the Roman law, so there are 
classes of Roman building in which the 
national arched construction stands out, 
masked but feebly, or not at all, by the 
varnish of Greek decoration. In an aque- 
duct or an amphiteathre, Greek features, 
columns and their entablatures, are either 
absent altogether or are something so 
secondary as to have but little share in the 
general effect. In buildings of this kind, 
the round arch, the main constructive 
feature, does really stand out as the feature 
which gives the building its main archi- 
tectural character. And, as Mr Petit re- 
marked long ago, the step from buildings 
of this kind to some of the plainer forms of 
the later Romanesque is very slight indeed. 


Some of the great German churches, such, 
| for instance, as the three great Rhenish 
|minsters of Mainz, Worms, and Speier, 
where,the interior elevations consist of square 
piers supporting perfectly unadorned round 
| arches, have surely a great deal in common 
with a Roman aqueduct. In both we see 
the round-arched construction standing 
boldly out in its most undisguised form. 
And buildings of this kind, whether aque- 
ducts, amphitheatres, or churches, which 
rely almost wholly on their unadorned con- 
structive elements, may undoubtedly be 
grand and striking in the highest degree. 
Still, a style of architecture would be nar- 
rowly limited in its resources if it were for- 
ever confined to such elements as these. 
The massive, unadorned, square pier was 
suited for many purposes; but there were 
also many purposes which asked for some- 
thing more graceful, something which better 
offered itself for enrichment. There was 
one feature of the Greek constructive system 
which the Roman architect could do some- 
thing more than blindly imitate. There 
was one feature which he could really 
adopt, for which he could find a place in 
his own system as appropriate as that which 
it had held in the system to which it be- 
longed by birth. The Grecian column was 
freely employed by the Roman architects, 
but for a long time, in truth during the 
whole of the purely Classical period, it was 
used only in a feeble, hesitating, and incon- 
sistent way. Roman architects built por- 
ticoes and colonnades after purely Grecian 
models, without bringing in any feature of 
the national constructive system at all. Or 
columns and entablatures after the Grecian 
model were attached as a mere decorative 
mask to buildings really built according to 
the national mode of construction. At last, 
in days which we are taught to look upon 
as days of decline, in days which are looked 
upon as days of degradation both for litera- 
ture and for art, the great step was taken 
which was to give Roman architecture an 
harmonious and consistent form, the step 
which was to make its chief decorative 
feature become also the chief feature of its 
construction. In the Greek system the 
column had boldly and honestly supported 
the entablature. In the Roman system of 
construction, the round arch answered to the 
entablature. What, then, was needed to 
make the column a real feature in the Ro- 
man system was to make it discharge in the 
Roman construction aduty strictly analogous 
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to that which it had discharged inthe Greek | art, he swept away traditions which had 
construction. Jn the Greek system the entab- | become cumbrous and useless, and let things 
lature had rested on the capitals of the | stand forth as they really were. Alike in 
columns; what was now needed was to make | recasting the constitution of his Empire and 
the round arch rest on the capitals of the | in designing the hall of his palace, Diocletian 
columns also. This simple change at once | made the real construction of the fabric 
gave Roman architecture a form both con- | stand forth undisguisedly before the eyes of 
sistent in construction and graceful in deco- | men. Alike in his political and in his archi- 
ration. Next to the introduction of the | tectural creation, he put the crown to the 
arch itself, no architectural revolution has | work towards which his predecessors had 
been so great and so lasting in its results. | been feeling their way for three hundred 
The man who first boldly set his arch to rest | years. 

on the capitals of his columns made a change| ‘The palace of Spalato I have never seen 
which led the way to all future develop- | with my own eyes, but the views of it given 
ments of arched architecture, round and | by Sir Gardner Wilkinson are quite enough 


pointed alike. 

The first building, as far as we know, in 
which this great change was made was the 
palace of Diocletian at Spalato. No time, 
no place, no author, could be more fitting 
for such a great architectural revolution. 
The change was not made in the local 
Rome, but on the other side of the Hadri- 
atic, in a land which the Romans of an 
earlier time had looked on as a distant and 
barbarous province. But in those days the 
local Rome had ceased to be the only Rome. 
Rome was now wherever the Roman law 
and the Roman language had spread them- 
selves, wherever men submitted to the rule 
of the Roman Cesar. 
the Empire was then more truly Roman 
than the Dalmatian land which sent forth 
that long succession of wise and valiant 
Emperors, Roman in every nobler sense of 
the word, 
neither their birthplace nor their dwelling- 
place. 
of them all, the founder of the Empire in 


its later form, should also be the man at | 


whose bidding the first consistent Roman 
building rose. The keen eye of Diocletian 
had at last seen that the Roman Com- 
monwealth was at an end; he grasped the 
fact that the Empire was a monarchy, and 
grasping the fact, he had not shrunk 
from putting it prominently forward before 
the eyes ofmen. The Illyrian peasant, in the 
days of his power, had been the first to deck 
himself with the outward pomp of royalty, 
when soto do was simply to give an out- 


ward expression to what for many genera- | 


tions had been the greatest of practical 
facts. The same man, in the days of his 
voluntary retirement, carried out a change 
in Roman art exactly analogous to the 


And no corner of 


though the local Rome was | 


And it was well that the greatest | 


to set its main features clearly before us. 
The new invention is not, indeed, consist- 
ently carried out throughout the whole 
| building; that would have been too much 
| to look for from any architect of any age or 
'country. But it is applied to the long colon- 
|nades of the great hall, and noble ranges 
|they are. A consistent round-arched build- 
{ing has at last been called into being, a 
building of a less massive and a more orna- 
mental type than the aqueduct, or even than 
'the amphitheatre. As the first consistent 
arched interior, the hall of Diocletian’s palace 
contains in it the germs of all later architec- 
ture; the germs not only of Ravenna and 
| Pisa, but of Caen and Durham ; not only of 
| Caen and Durham, but of Westminster and 
|Amiens. As such, there is no more mem- 
orable building upon earth. But it is inno 
way wonderful that the great improvement 
which it offered was not at once universally 
accepted. Every architectural development 
has to go through a stage of transition, a 
stage when the new principle and the old 
are striving for the mastery, and when the 
| two are mingled together in various degrees 
|and proportions. ‘The architect of Spalato 
| showed that columns could be used as the 
| immediate supports of arches; he did not 


at once persuade the whole world to use 
|columns as the immediate supports of 


|arches. Men had been so long used to look 
; upon the entablature as the right thing to 
| rest upon the capitals of the columns, that 
they could not all at once bring themselves 
to let the arch come straight down upon the 
capital itself. It seemed as if something 
| must be done, as if some change must be 
/made, to adapt the capital to its new duties. 
| Something must be thrust in between the 


| capital and the arch; some fragment, as it 


change which he had already carried out in | were, of the entablature, must come between 
the Roman polity. Alike in polity and in | the abacus of the capital and the impost of 
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the arch. Or perhaps the abacus itself must 
be enlarged into something like a piece of 
entablature, or the whole capital must be 
drawn out to an unusual size and height, in 
order to seem more worthy of its new prom- 
inence, and be able to bear the weight that 
was laid upon it. For it is manifest, and it 
is one of the great advantages of the arched 
construction, that the columns, or other 
supports of a range of arches, may be placed 
at much greater distances from each other 
than the columns of a colonnade supporting 
an entablature. It follows that each column 
and its capital assumes in the arched build- 
ing a greater importance ; it has, so to speak, 
a more distinct separate existence than be- 
longs to the columns of a colonnade. In 
the later Roman architecture we therefore 
find all kinds of shifts to avoid that imme- 
diate juxtaposition of the arch with capitals 
of the hitherto accustomed forms on which 
the architect of Spalato had already ven- 
tured. In the basilicas of RavennaI do 
not think that there is a single case where 
the arch comes down immediately upon an 
Ionic or Corinthian capital. 

Those wonderful works of Western Em- 
perors, of Gothic Kings, and of Eastern 


Exarchs, were reared out of the spoils of 


earlier buildings. Columns and capitals 
were brought from various quarters; their 
proportions did not always exactly tally with 
one another ; acolumn did not always agree 
with the column which stood next to it, or 
with the capital which its own shafts sup- 
ported. But, among all the shifts to which 
the architects of these churches were driven 
in order to keep something like order among 
the columns which were thus strangely 
brought together, in every case, whatever 
may be the form of the capital, a member 
is thrust in between the capital itself and 
the arch. For such a member there is no 
real need, either constructive or decorative ; 
it simply shows how men clave to the idea 
that the proper use of a column and its 
capital was to support something like the 
horizontal line of the entablature. The local 
use of Ravenna preferred the employment 
of capitals of the received Classical shapes 
with this needless member interposed—a 
member which wants a name, and to which 
that of the stilt has sometimes been given.* 





*It is worth noticing that something very like the Raven- 
nese stilt is to be found in the ancient Egyptian architecture in 
the form of a member, the de, interposed between the capital 
and the entablature. In some forms of Saracenic architecture 

t his stilt becomes a most important feature. 





At Constantinople, on the other hand—I 
speak here not from personal knowledge, 
but from the Chevalier Fossati’s splendid 
drawings of 8. Sophia—though the stilt is 
not unknown, yet the tendency seems rather 
to have been towards devising new forms of 
the capital itself. Some of them, with a 
different proportion, still keep something 
like the general idea of a Classical capital, 
while others, especially the well-known By- 
zantine basket capital, altogether depart 
from Classical models. At Ravenna no 
difference can be discerned between the 
works of the Roman Placidia and those of 
the Gothic Theodoric. The wise barbarian 
who preserved for the conquered Romans 
their laws, their language, and their build- 
ings, followed their models also in his own 
original works. But with the recovery of 
Italy under Justinian new forms came in. 
In the Church of St. Vital, begun during 
the Gothic dominion but not finished tiil 
after the conquest by Belisarius, the new 
Byzantine forms of capital are seen. But 
the local custom did not wholly die out, and 
the stilt appears in 8. Vital also, often 
taking the form of what we must call a 
double capital, one being placed over the 
other. The Byzantine forms, in their later 
development, are found also among the vast 
stores of capitals, brought and copied from 
all possible quarters, which are to be seen 
in the portico and the galleries of 8. Mark’s 
at Venice. But for true columnar arcades, 
like those of Ravenna, we must leap over 
several centuries, till we come to the works 
of the 11th and 12th centuries at Pisa, 
Lucca, Murano, and Torcello. Here, with 
the changes of detail which are natural after 
a space of 800 years, we come back to the 
same state of things which we saw at 
Spalato. The arch again rests immediately 
on the capital of the column, and the columns 
and their capitals are either Classical re- 
mains used up again, or else they are as 
nearly imitated from Classical models as the 
art of those ages would allow. 

It certainly seems to me that, in these 
great Italian churches, we have before us a 
distinct round-arched style, an independent 
form of architecture worthy to rank side by 
side either with the architecture of the en- 
tablature or with the architecture of the 
pointed arch. One of the three great forms 
of construction, a form constructively as 
good as either of the other two, is here pro- 
vided with a good and consistent decorative 
system. It is hard to see what more is want- 
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ed. It is hardly possible to conceive any | form. The one Grecian feature which could 
architectural forms more perfect and stately | be really adapted to the Roman principle of 
than the arcades of the nave of Pisa. The | construction has been adopted and natural- 
decorative forms are consistent and elegant; | ized, and it has been proved to be capable 
in some, indeed, of the later buildings of of doing as good service in the new system 
the style, especially at Lucca, they put on/as it did in the old. If here and there 
an almost extravagant richness of detail, but traces of another system of decoration may 
yet without departing from the purity of | be found hanging about the buildings of 
the round-arched ideal. But if we admit | this style, they are in positions so unimpor- 
that the columnar form of the Italian Ro- | tant as to be of little consequence in the 
manesque is a pure and genuine style, that general effect. They in no way interfere 
it is a legitimate decorative carrying out of.| with the claim of the columnar Romanesque 
one of the great types of architectural con- | to be looked on as a pure and independent 
struction, it follows that the architecture of | style, as the consistent carrying out of an 
Classical Rome must be looked on as some- | architectural conception which the Classical 
thing imperfect and transitional. The Ro-| Roman attempted only very imperfectly. 
manesque of Pisa and Lucca is the Classical | Paradoxical, then, as the position may sound, 


Roman set free from the incongruous ele- 
ments which clung about it, set free from 
all traces of the days when Roman archi- 


tecture was a mere imitation of Grecian! 


I think that I have made out my case, and 
that the Classical Roman is essentially an 
imperfect style, a mere transition to the 
more perfect Romanesque. 





NOTES ON SEWAGE. 


From “ Engineering.” 


Although much has been said and writ- 
ten on the sewage question, by public offi- 


cials, and private individuals, it is some- 
what remarkable that in no instance, so 
far as we are aware, has any chemical 
analysis been published of the sewage of 
any town in the United Kingdom, carried 
on for a longer period than about two days 
consecutively. It is evidently impossible, 
on such limited premises, that anything 
like reliable data could be arrived at, on 
which to form definite conclusions. Despite 
these defects, however, royal commission- 
ers on the one hand, and public companies 
on the other, have set forth a variety of 
schemes, all proving to their satisfaction 
the easy solution of the question, although 
such solution is as far as ever from being 
arrived at. But to this it may be added 
that there is scarcely a town in the Unit- 
ed Kingdom—if indeed there be one at all 
—which is now dealing with the whole of 
its sewage in a manner efficiently carrying 
out all of the conditions required by san- 
itary considerations, independently of those 
of profit or loss. 

In the absence of such information as that 
to which we have referred above, the follow- 
ing notes on the varying and average quality 
and quantity of sewage are offered to those 
interested in the important question of its 





utilization. It is hoped that, as the obser- 
vations and analyses have been conducted 
night and day, consecutively for two years, 
in places showing every possible extreme 
of condition, in a locality entirely free from 
all manufacturing operations, and in two 
of the largest manufacturing towns of the 
kingdom, they may put the sewage ques- 
tion in a very different light to that in- 
which it has been hitherto placed. The 
chief localities were Leamington, a seat of 
fashion and high living; with Birmingham 
and Leeds, as having an entirely opposite 
social character. On certain occasions, up- 
wards of two hundred experiments have 
been tried in the twenty-four hours, by 
the writer and his assistants in the labora- 
tory ; and on several occasions he has con- 
tinued the observations for a period of 
eighty hours, personally, without intermis- 
sion. 

The following results accrued, and were 
substantiated by daily, weekly, and month- 
ly reports. 

In any town, free from the abnormal cir- 
cumstances of manufactures, the sewage, 


apart from rainfall, presents constant fea- 


tures. That of Sunday is invariably the 
weakest in all respects. Towards mid-day 
on Monday it increases in strength, so far 
as matters in solution are concerned ; arriv- 
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ing at a maximum at about 11 to 1 o’clock 
on the Tuesday of each week. It thus 
remains pretty constant until six o’clock 
on Saturday evening, when its strength 
began to abate, over. Sunday, as above men- 
tioned. 

“Washing days” are especially notable. 
Tuesdays and Wednesdays present a large 
amount of fatty matter, causing soapy bub- 
bles on the sewage, and the presence of 
much alkali (soda chiefly). This fact, which 
is indubitable, presents great difficulties to 
all the chemical methods that have been 
proposed to utilize sewage, as all the chem- 
ical conditions are affected. This is espe- 
cially noticeable when either the A. B. C. 
{Native Guano) or Dr. Anderson’s process 
is employed. In each an acid, sulphate of 
alumina, is used. The excess of alkali is 
attacked by the sulphuric acid in that salt, 
while the stearine of the soap is set free, as 
a fatty matter floating on the surface of the 
effluent water, but blackened by the sus- 
pended filthin the sewage. The sewage of 
Leeds shows these results chiefly on Wed- 
nesdays and Thursdays, those being the 
“clothes” and “house washing-days” in 
that city. Birmingham shows some singu- 


lar peculiarities which will be subsequently 
noticed. 

In Leeds, especially, the circumstances 
of manufactures greatly interfere with daily 
results, apart from washing-days, which 


are so definitely marked. On certain days, 
but notably Friday and Saturday, and less 
frequently on Tuesday, the dye-becks, or 
vats, are emptied, and consequently the 
sewage becomes either brown or black ac- 
cording to the proportions of various dye- 
stuffs thrown into it. Added to this, in its 
course to Knostrop, where it enters the 
river Aire, a large percolation of a solution 
of sulphate of iron, from the adjacent soil, 
interferes chemically with the character of 
the sewage, not only in regard to its exter- 
nal appearance, but also in respect to its 
chemical nature, much of the animal organ- 
ic substances being precipitated insoluble. 
At Birmingham this may be specially noted 
at the sewage works near Saltley, at present 
carried on by the corporation. At about 
11 to'12 in the forenoon the “ pickle” con- 
taining sulphuric acid and iron, is sent into 
the sewage, as a waste from cleaning metal- 
lic articles incident to the manufactures of 
the town. Suddenly the brownish black 
appearance of the sewage is changed to an 
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orange red. This is owing to the alkali of 


the sewage decomposing the sulphate of 
iron, setting free the latter as a hydrated 
oxide, which, coming into contact with the 
oxygen of the air, produces the sesquioxide 
of iron—hence the red appearance just re- 
ferred to. 

As a rule, sulphuretted hydrogen is not 
present in free running sewage, although 
the popular, and even scientifie opinion is 
exactly the reverse. It was never detected, 
night or day, during fifteen months at 


‘Leamington except on two occasions, name- 


ly, at about 2 a. mM. on two successive Satur- 
days. This extraordinary circumstance was 
cleared up in a manner that need not here 
be explained, except on the ground of pure 
“accident.” The same remark applies to 
Leeds. 

The presence of sulphuretted hydrogen 
may in all cases be taken to indicate an in- 
termittent flow, in some parts of the sewers, 
arising from some local deposit. There the 
sewage will remain, and, decomposing, pro- 
duce that gas. Its presence, therefore, indi- 
cates defective sewers. At Coventry and 
Halifax we have constantly detected it ; and 
also in a lesser degree at Nuneaton and 
Bradford (Yorkshire). 

The value of the sewage in a commer- 
cial point of view will depend on the num- 
ber of water-closets, the amount of water 
supply, and the social habits of the people, 
of course setting aside the question of rain- 
fall, which we have yet considered as en- 
tirely unnoticed. Thus, from lengthened 
experience, we consider that if the sewage 
of Leeds and Birmingham were valued at 
£1 sterling, that of London would be worth 
£3 and that of Leamington about £10 for 
any specified quantity in ratio. This result 
has been arrived at by actual trial of manu- 
rial properties in the field, and very nearly 
agrees with the relative proportion of closet 
produce ard water supply. Leeds has a 
great water supply and few closets ; while 
Leamington has small water supply and a 
large proportion of closets in relation to the 
population. 

An experienced eye may lead to a judg- 
ment of the manurial value of sewage with an 
accuracy scarcely to be expected, independ- 
ent of chemical analysis. Avoiding the 
abnormal conditions of the sewage just 
referred to as arising from “ washing-days,” 
it will be found that the richer the sewage 
the longer will it retain, on its surface, bub- 
les caused by shaking it up in a glass 
vessel. Even the action of the wind on its 
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surface is an indication. 
the ripples are round, the sewage is rich in 
organic matter; if the *y be sharp the sew- 


ON THE ECONOMY SHOWN 


From the *‘ Gazettee des Architectes ”’ 


We are too ready to lock upon the Ro- 
mans as a people who, possessed of immense 
wealth, were not obliged to pay particular 
attention to the means by which they ac- 
complished their ends, and who could atford 
without scruple to dispense with those ex- 
pedients upon which we, from the insuffi- 
ciency of our resources, have to rely. The 
passion for grand effects was not indeed en- 
tirely absent from any of their undertak- 
ings, but the genius of the Romans knew 
how to reconcile vast conceptions with facile 
means by which they might be carried out; 
and the more we study almost any of their 
remaining monuments, the more do we find 
artitices abounding which tend, if not to re- 


duce hand labor, at least to simplify it. 
While architects in their conceptions aimed | 
at once at a majestic effect and a durability | 
worthy of the power of the Roman people, 


an evident regard to rigorous economy | 
guided them in ‘the execution of ever. y part ; 
they always aspired to realize, by the use of | 


If the edges of ago is poor. 


These facts afford a rouch but 
almost accurate indication of sewage for all 
purposes of utilization. 


ROMAN CONSTRUCTION. 


IN 


through the “ Building News. 


culty lay in supporting this mass of ma- 
terials in space during the setting of the 
mortar. This difficulty was increased from 
another cause; since the vault owed its 
stability only to its monolithic structure, the 
least settlement of the centring, leaving 
these badly-consolidated masses of masonry 
without due bearing, exposed them to dis- 
astrous ruptures. 

The following was the way in whic! the 
Romans arrived at a solution of the delicate 
question: instead of making the whole 
mass of their vaults bear directly on the 
temporary centring, they interposed between 
it and the vault an intermediate course or 
layer of brick (or rather tile). Sometimes a 
|network of tile of large mesh, a sort of 

masonic open work of extreme lightness, is 
laid over the wooden centres, and takes off 
| from them the weight of the vault proper 

sometimes the temporary centring is cover- 
|ed over its entire surface with a layer of 
bricks laid flat. In either case it was suffi- 





methods at once easy and simple, the double | cient, instead of making the wooden cen- 
merit of perfect solidity and incomparable | tring strong enough to carry the bulky solid 
grandeur. ‘The dominant idea which ex- | lof the vau It, to give it the necessary stifl- 
plains the practical construction of their} ness to support a skeleton, by its nature 
architecture wis to minimise the use of| light, and upon which was built the solid 
temporary staging (or scaffolding), to keep | covering. Doubled, in fact, as the centring 


down as much as possible the cost of the 
centring of their vaults, and it is by the 
study of their concrete vaults that this idea | 
can be put in the clearest light. 


was by this layer of bricks, which both 
covered and protected it, it was sheltered 
from all destructive action, and while it 
| gave its form to the mass above, did not 


| 
| 


The name “ vault” seems to indicate a! , support its weight. When once laid, this 
constructién, the joints of which range to a | tile shell became the true centre of the 
common centre. ‘his, however, was not | vault, a centre essentially durable, which was 
the method adopted in the Roman vaults embodied in the constructive mass, and 
formed of rubble masonry. The courses | conduced, in the same was as the masonry 
composing the body of such a vault keep, | itself, to the solidity and preservation of the 
from the springing to the crown, the most| work. This second centring of tile cost, 
exact horizontality; the sight of these | indeed, more than the equivalent bulk of 
courses, with clearly defined “edges in the | the rubble or concrete the place of which 
rents and fissures of a pile of ruins, recalls | | it takes, but this increase of expense will 
to the mind, almost involuntarily, the level | | *ppear quite insignificant if we compare it 
lines which are sometimes drawn with such | with the saving which thereby accrued in the 
perfect exactness in sections of stratified | timber—and besides this, the actual increase 
geological formations. A vault was raised | was but of very small amount. ‘The ma- 
like an embankment, with alternate courses | terials of which the shells were composed, 
of stones and mortar, and the entire diffi- | consisted simply of brick or tile,—of large di- 


! 
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mensions, it is true, but the manufacture of 
which was carried on at but a small outlay 
in the neighborhood of Rome. 

And yet these bricks, in spite of their 
small cost, were used with a remarkably 
sparing hand. We have said that the shells 
of Roman vaults were of two kinds: some- 
times they were formed of bricks, laid as 
ribs radiating from the crown, sometimes 
they resolved themselves in a sort of curved 
payment laid on the centring. 

Let us point out the principal variations 
of the first type. These were generally 
built with bricks of two sizes—square 
bricks of about 23 in. on the side, and rec- 
tangular bricks about 23 in. by6in. With 
the rectangular bricks were formed ribs, or 
rings, about 23 in. apart from centre to cen- 
tre, and by means of the large square bricks 
these ribs were at intervals connected to- 
gether two and two. Thus was formed 
round the wood centring a sort of open- 
work cage, which may be considered the 
most perfect model of a shell with ribs 
radiating from the crown which obtained 
amongst the Romans. Sometimes this en- 
velope of the centring was replaced by a 
system of arches, independent of each other, 
and at greater or smaller distances apart. 
These arches were built of rectangular bricks 
as above, and in them were laid at intervals 
bricks about 23 in. square. These, projecting 
on each side from the rib of which they 
formed a part, bonded the tile mesh-work 
and the mass of the rubble-work closely to- 
gether. Often, again, ribs formed of bricks 
23 in. by 6 in. were grouped in pairs and 
bonded solidly together by the large square 
bricks forming tie-pieces. 

It is difficult to give by a written descrip- 
tion only, a clear and complete idea of the 
ingenious combinations of brick that were 
adopted. We must content ourselves here 
with indicating the principle of their con- 
struction, and pass on to a summary exami- 
nation of the second method employed by 
the Romans to support their vaults—a con- 
tinuous layer of flat tiles. This mode of 
carrying the solid vault was thus practised : 
On the convex surface of the centring was 
laid a bed of the large square bricks, the 
lateral dimensions of which have been al- 
ready given, and which were generally from 
1} in. to 2 in. thick. These large bricks, 
cemented together with excellent plaster or 
quick-setting mortar, formed over the whole 
convexity of the centring a thin bed with no 
apertures or cavities, which exactly followed 





the form of the intrados, and presented, as 
we have above said, the appearance of a 
hollow tile floor. This paving constituted 
in itself a complete shell of the vault; but 
usually a second “ floor” was superimposed 
in all respects similar to the first, but con- 
structed of bricks of smaller dimensions, 
and which formed on the curved planking 
of the centring a double envelope cemented 
to the first with plaster or mortar. 

As the result of this superposition, there 
was, over the whole extent of the centring, 


like a protecting crust, a sort of light vault, , 


from which, immediately after its comple- 
tion, the centring could not have been re- 
moved without running the risk of its 
breaking up under its own weight, but 
which gradually stiffened as the massive 
backings were filled in, and became ulti- 
mately capable of sustaining of itself the 
whole of the rubble work. In fact, the rea- 
son why the centring could not be immedi- 
ately struck was not so much the small 
thickness of the solid crust as in the semi- 
circular form of its section. A vault of flat 
bricks or tiles would be stable under the 
double condition of its section being a small 
are of a circle, and of being kept immovably 
between fixed abutments. If formed of a 
semicircular section it would acquire the 
rigidity it lacks by the haunches being 
solidly filled up, which would oppose any 
yielding to flexure, and prevent the thin 
shell of masonry sinking down upon itself. 
This last case is evidently that of the thin 
crust of tile in a Roman vault. 

The weight of the vault rested on the 
centring only until the first courses of rub- 
ble had backed up the tile paving to a level 
greater or less as the case might be, and 
the part really employed in carrying the 
weight, 7. e., the effective part of the 
“floor,” being then a simple are of a circle, 
offered itself under the best conditions for 
equilibrium. The wooden centring could 
at that moment have been struck and re- 
moved for use at some other point; in other 
words, the vault could be constructed in 
parts, and the same centring used for dif- 
ferent portions. This is, in fact, the course 
which the Romans more than once fol- 
lowed, and to convince one’s self of this, it is 
enough to notice that the bricks of the 
shell, instead of being cut to shape and 
forming a floor with radiating joints, have, 
on the contrary, their edges left square, and 
simply range side by side like the squares 
of a draught-board. This circumstance 
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agrees well with the idea of a construction in 
sections, for if we suppose the “ floor ”’ laid 
with joints ranging to the summit, each 
of these sections (or lunes) would terminate 
in a toothing, and thus there would be cer- 
tain troublesome conditions to attend to 
whenever it was required to join one of 
them to the next; the ancients, dispensing 
altogether with bonding the various ribs or 
sections together sideways, avoided thereby 
all difficulties in connecting them. 

As to the economy resulting in the cen- 
. tring, it is evident that it was sufficient, as 
has been already remarked, for it to be 
stiff enough to carry the weight of one of 
the two “floors.” The first layer served as 
a centre upon which to bed the second, and 
the two together formed a rigid support 
upon which was carried the whole weight 
of the rough masonry. 

Let us go on to the detailed arrange- 
ments and variations of the system. Some- 
times were laid here and there amongst the 
flat bricks, bricks on edge, projecting into and 
giving a key tothe rough backing. Often, 


again, the second “ floor” was reduced to a 
series of ribs formed of small bricks laid as 
cover joints along the courses of the first 
layer. In time they were satisfied to 
place a small brick laid in cement on the 
points where a shock or a great pres- 
sure would have the most effect—that 
is, on the meeting point of four of the 
large bricks composing the mesh-work or 
“ floor.” 

These shells of flat bricks or tile were in 
very general use amongst the Romans ; the 
Baths of Caracalla and the Villa of Had- 
rian are the most remarkable standing ex- 
amples. Finally the use of flat bricks in 
vaults has not been entirely abandoned by 
Italian builders. The vaulted cloisters 
which adorn the palaces of modern Rome 
are for the most part constructed of square 
tiles, the intrados is formed of a single 
layer of tiles jointed with cement, the rest 
is made up of very rough rubble work. 
Italian workmen call this sort of work volte 
alla volterrana, and sometimes give to it the 
expressive name of volte a foglio. 


CONSTRUCTIVE MATERIALS. 


Frem “ Eng 


Of the numerous papers which are read 
and discussed every year by our scientific 
societies, but an exceedingly small number 
treat of the constructive materials employed 
by the engineer, or of the means by which 
these materials can be improved in quality. 
And yet the subject is one of vast impor- | 
tance, and one which can decidedly be best | 
dealt with at meetings where practical men | 
have an opportunity of adding to the results | 
of their unpublished experience to those | 
which have been formally recorded by ex- 
perimenters. We are aware that in some 
instances a notion that trade secrets were 
being interfered with would prevent the 
communication of many facts of value; but 
this feeling is, we are glad to say, very far 
from being universal, and we believe that 
much good might be done by a thorough 
ventilation of the whole question. 

The fact is that we are rapidly approach- 
ing a time when some better materials than 
we have now generally at our command will 
become an urgent necessity, for the whole 
tendency of engineering progress is towards 
imposing upon constructive materials all the 
strain they will bear, and in many instances | 
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more than is good for them. Civil engineers 
continue to plan larger and bolder bridges 
and similar works, while their mechanical 
brethren are building larger and larger en- 
gines, increasing steam pressures, and work- 


ing machinery at higher speeds. Under 
existing circumstances there is a limit to all 
this, and this limit is now nearly reached in 
many cases. It is true that bridges of con- 
siderably larger span than any yet con- 
structed may be built with the materials at 
present at our command; but this can only 
be done by incurring an expense which is 
prohibitive in any but very exceptional in- 
stances, on account of the enormous amount 
of material which would have to be used to 
obtain a limited carrying capacity. Again, 
by resorting to water-tube boilers, it is pos- 
sivle for mechanical engineers to avail them- 
selves of steam at a far higher pressure 
than is now used; but such boilers are not 
free from objections, while the high tem- 
perature of such very high pressure steam 
renders lubrication extremely difficult, and 
causes it to exercise a destructive action on 
valves, pistons, cylinders, etc., which our 
present knowledge does not enable us to 
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overcome. Even with steam of ordinary 
pressures of 60 to 70 lbs. per sq. in., dif- 
ficulties are beginning to arise from the in- 


crease in the size of engines, and this is | 


particularly the case in marine engine prac- 
tice, where a material which could advan- 
tageously replace cast iron for the construc- 
tion of cylinders, aud similar details would 
be gladly welcomed. In what we may term 
manufacturing engineering, too, economy of 
production points towards using machines 
capable of taking heavier cuts, and running 
at a higher speed; but here we are met by 
the difficulty of getting tools which would 
stand the increased work thus thrown upon 
them ; and although Mr. Mushet, Messrs. 


Vickers, and other steel-makers have of | 


late years made great progress in the manu- 
facture of ‘ool steel, this is a direction in 
which further improvement is, and always 
will be, acceptable. 

Under these circumstances the questions 
to be considered are: In what direction are 
we to look for improved constructive mate- 
rials ? and How can the discovery and com- 
mercial manufacture of such materials be 
best promoted? ‘To the former of these 
questions it is, of course, impossible to give 


a complete answer, although we may give 
some hints on the subject; but the latter 


may be more easily responded to. Ifan 
engineer nowadays is called upon to con- 
struct a bridge of unusually large span, or 
if a mechanical engineer has to make an 
unusually light boiler capable of standing 
a high pressure, he is not content with em- 
ploying the constructive materials ordinarily 
found in the market, but specifies for steel 
or iron capable of resisting satisfactorily 
high-test strains. Under these cireum- 
stances he may obtain a material having a 
constructive value some 20 or even 30 per 
cent. greater than the average of that ordi- 
narily manufactured, but he will, of course, 
have to pay for this advantage a considera- 
bly increased price. Now, although this 
increased price is partly necessitated by in- 
creased cost of production, it is in very 
many cases due to no unimportant extent 
merely to the fact that the demand for very 
high-class material is an exceptional one. 
The furnishing of such material, in fact, 
necessitates the manufacturer’s departing 
from his usual routine of business, and 
hence expenses are incurred which would 
vanish if the demand for the very best 
materials was constant instead of intermit- 
tent. In other words, we believe that users 


of iron and steel could obtain a considerably 
better average quality of material at a very 
moderate increase of price if they would 
simply take the trouble to ascertain sys- 
tematically the quality of the materials they 
employ. What is wanted is a more general 
abandonment of the brute strength system 
of construction, and a more rigid specifying 
of good materials combined with careful 
testing, to insure that such materials are 
supplied. With a more general demand 
for high-class products, there would be an 
increased development of the manufacture 
of such products, and much of the energy 
| and skill now devoted to producing mate- 
| rials which are exceedingly cheap would be 
more profitably turned to account in manu- 
facturing products which should be ex- 
ceptionally good. 

We now come to the other, and more 
difficult question to deal with: In what 
direction are we to look for improved con- 
structive materials? And, as je have 
stated, any answer that we may make to it 
will necessarily be imperfect. There are, 
however, certain indications observable 
which seem to point out some of the direc- 
tions in which progress is to be expected. 
For instance, at the present time almost all 
classes of engineers are being benefited by 
the vast advance which has been made dur- 
ing the last few yearsin the manufacture of 
steel, and few will deny the great construc- 
tive value of that material. But while this 
is the case therecan be few users of steel 
who are not aware that the steel bars or 
plates ordinarily found in the market are 
composed of a vastly different material to 
the best steel obtainable. There are few of 
us who have not at some time or other had 
occasion to examine samples of steel pre- 
pared to illustrate the value of some par- 
ticular manufacturing process, samples 
which would exhibit extraordinary ductility 
and resisting power, and which were in 
fact almost as superior to the best ordinary 
steel of commerce as that material is to the 
most inferior brands. Now these samples 
are in the majority of instances, we regret 
to say, not produced through any peculiar 
excellence in the process of which they are 
supposed to illustrate the value, but are 
simply the results of excessive care in the 
manufacture ; and taking into consideration 
the great value to engineers of a material 
possessing the qualities of such samples, it 
is scarcely too much to hope that the care 
which is expended on these productions 
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may ultimately be exercised on a much 
larger scale and with proportionately great 
results. That even now steel plates can be 
produced on a commercial scale of a quality 
far superior to that ordinarily met with in 
the market, is proved by what Mr. F. W. 
Webb is now doing at Crewe, where he is 
making regularly Bessemer steel boiler 
plates having a breaking strength of 34 
tons per sq. in., elongating 25 per cent. 
before fracture, and of such ductility that a 
: in. hole punched in each sample strip 
25 in. wide may be drifted out to 2 in. 
diameter without causing failure. 

But it is not only in the general quantity of 
wrought steel that a vast improvement may 
yet be expected. We anticipate an even 
greater advance in the development of cast 
metal. 

The leading steel makers in this coun- 
try and on the Continent can now turn 
out steel castings, the production of which 
would have been deemed utterly impossible 
not many years ago, but such castings are 
still very far from being all that we believe 
they will be made. At present the ex- 
cessively high temperature at which it is 
necessary to run the steel, and consequently 


the great shrinkage which takes place dur- 
ing cooling, is a difficulty in the way of 
producing castings of complex form, or 
having parts of very limited thickness, 
while the greater or less porosity of many 
of the castings renders them inapplicable in 


numerous instances where their great 
strength would otherwise render them es- 
pecially valuable. 

There appears here to be an indication 
that what is wanted is an alloy of steel, 
which should retain the strength of the lat- 
ter while having a lower melting point and 
increased fluidity. That such an alloy, or 
its equivalent, will ultimately be discovered 
we see no reasonable reason for doubting. 
And here we may say that we use the word 
“alloy” in its broadest sense, as meaning 
not merely a mixture of one metal with an- 
other, but a mixture of a metal with any 
element, metallic or othewise. The whole 
subject of alloys is one of vast importance, 
and one which has never yet received the 
full attention it deserves, although many of 
our metallurgists and chemists, and notably 
Dr. Grace Calvert, have contributed much 
valuable information concerning it. We in 
fact know of no more promising field of re- 
search than that which the investigation of 
alloys offers, and we trust that no great time 





may elapse before it is more thoroughly 
cultivated. 

An important instance of the effect exer- 
cised on the properties of a metal by the 
admixture of a very small percentage of a 
foreign substance is afforded by the “ phos- 
phor-bronze” of MM. Montefiore-Levi and G. 
Kunzel, and as this alloy promises to be one 
of the “materials of the future,” we may 
specially advert to it here. From particu- 
lars of careful experiments with this ma- 
terial now before us, we find that the addi- 
tion of a very small percentage of phosphorus 
to gun metal containing 10 per cent. of tin, 
increased the elastic limit about 35 per cent., 
and the breaking strain per square inch of 
the original section 80 per cent.; while one 
sample of phosphor-bronze, containing 6.2 
per cent. of tin, had a breaking strain of over 
51,000 lbs. per square inch of original sec- 
tion, and elongated 10 per cent. before 
fracture. Judging from the samples we 
have seen, also, the phosphor-bronze ap- 
pears to be capable of making very close 
and dense castings, while the property it 
possesses of casting well in metal moulds 
is one of very great value in a number of 
instances. 

It is, however, not only by the introduc- 
tion of an alloy that we may be furnished 
with a valuable addition to our constructive 
materials; there is a large scope for im- 
provement in our treatment of the materials 
now at ourcommand. The experiments of 
Sir William Fairbairn long ago showed how 
greatly the quality of cast iron might be 
improved by successive re-meltings, while 
more recently Sir Joseph Whitworth has 
been produciug some remarkable results by 
casting steel under pressure. The effect on 
steel, however, of repeated meltings, or of 
long continued fusion under suitable pro- 
tection from oxidation, has, so far as we are 
aware, not been investigated, while the 
process of casting under pressure can 
scarcely be considered as fully developed, 
so that in both these directions there may 
arise improvements in the future. 

It is scarcely necessary that we should 
dwell here upon the value of a material 
which should be procurable at a moderate 
price, be capable of being cast into even 
complex forms, and be possessed of a 
strength and ductility equal, let us say, to 
fairly good wrought iron. To some limited 
extent such qualities are supplied by malle- 
able cast iron, but malleable castings can- 
not easily be made of any great size, except 
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perhaps, by McHaffie’s method, while their | 
liability to twist during the annealing pro- | 
cess is in many cases a serious obstacle to 
their employment. If such a material as 
we have alluded to could be produced at a 
cost even as great as that of good wrought | 
iron, the demand for it would be enormous, | 


| for. 


and there would, in fact, be few articles 
now built up of wrought-iron plates which 
could not be made of it with advantage, 
_ while it would take the place of the cheaper 
‘cast iron in an immense number of in- 
stances. The prize is one well worth trying 
Who will secure it ? 





ON A NEW SYSTEM OF LONGITUDINAL SHIP-BUILDING. 


By J. E. SCOTT, Esq. 


From the “‘ Journal of the Society of Arts.” 


Several papers have been read before this 
Institute and other scientific societies, 
having for their object the comparison of the 
different modes of ship-building. It is not 
my intention to touch upon all those differ- 
ent systems, but confine myself to that 
arrangement most commonly adopted, viz., 
the transverse system, as compared with 
my longitudinal arrangement. 

There have been various plans for longi- 
tudinal construction, and a great number of 
vessels have been built from them; this 
was some years ago, but of late the trans- 
verse system has been almost entirely built 
from, the plan of building longitudinal 
ships being so much more expensive, and 
requiring a much longer time in construc- 
tion, and as ships had not the excessive 
proportion of length they have now, longi- 
tudinal strength was more easily obtained 
than it is now possible with the transverse 
system. 

In describing the different parts of my 
arrangement, 1 hope to be able to make 
clear its superiority to you, the members of 
this Institute. 

The great economical results attained by 
vessels of small section in proportion to 
length, has induced almost every shipowner 
to have as long ships as possible, until there 
are vessels now building of eleven beams to 
length. The only drawback to this increase 
is the great additional weight required to 
bring up the longitudinal strength. Within 
the last few years there have been a great 
many changes in the different classification 
books, all tending to diminish the section 
for preventing transverse bending, and 
increase the section for resisting longitudi- 
nal bending; and even with all those im- 
provements, I find that we have still 30 per 
cent. more section against transverse than 
against longitudinal bending. This is what 





I propose, by my longitudinal arrangement, 
to reverse. In carrying it out, I have the 
outside plating in longitudinal strakes, ex- 
actly as at present; but instead of having 
the frames transverse, I have them longi- 
tudinally, following at the stem and stern 
post, where those frames terminate the 
line of the seams of the skin plates 
continuously through the bulkheads, until 
it becomes necessary, by the diminished 
girth forward and aft, to gore or run two 
into one, and at the stem and stern post, 
where those frames terminate, they are con- 
nected to the corresponding frames on the 
opposite side of the vessel by hook-plates, 
thus completely connecting both sides of the 
vessel. These longitudinal frames, as 
shown in large scale section, may be formed 
of the usual frame and reversed angle-bars, 
or of Z iron, or J channel section. The 
spacing of those frames to be as at present, 
from 18 to 24 in. apart, according to the 
size of the vessel. From the centre line to 
the turn of the bilges, where we have the 
floor plates in transverse framed ships, I 
increase the longitudinal frames to the same 
lines as the present floors, each longitudinal 
forming a girder, with an angle-iron on 
each edge. All the longitudinal frames 
and girders, throughout the centire fram- 
ing of the ship, will be square off the 
skin plates they are connected to, so that 
no angle-bar will require to be bevelled in 
any way. 

Inside the longitudinal frames there are 
fixed to them, at spaces corresponding to 
every third beam, transverse, vertical tie- 
frames of angle-irons riveted back to back, 
of the same scantlings as the present keel- 
sons, extending from the upper deck 
stringer-plates, and passing continuously 
through the lower decks, and overlapped 
across the centre line, and connected to the 
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longitudinal frames by double reverse 
angles. The flat of floor is additionally 
strengthened tranversely by means of plates 
let down between, and connected to the 
longitudinal girders, and riveted to the 
angle-irons of the tie-frames. In broad, 
flat-bottomed ships, it will be necessary to 
have an extra tie-frame carried up to the 
turn of the bilges, with plates fitted between 
and riveted to the longitudinal and tie- 
frames, so as to give the necessary trans- 
verse strength. 

The beams are fitted at present across the 
ship at right angles to the centre line, and 
connected to the ship’s side by double 
angle-iron on each knee; those beams 
which occur at the tie-frames have deep 
knees passing between, and extending from 
the outside of the tie-frame to the skin 
plates. In construction, those beams are 
raised with the tie-frames to preserve the 
form. 

The bulkheads are fitted in the ordinary, 
manner, being let in over the longitudinals 
and made water-tight round them. ‘The re- 
verse bar may be either cut and kneed, as 
in the case of ordinary keelsons, or allowed 
to pass through. This makes up the general 
arrangements of iron ships. 

In moulding vessels with longitudinal 
frames, we will have the lines and bevels 
for each tie-frame, also the fore and aft 
curve of the longitudinal frames, the breadth 
and curve of each plate in the outside skin ; 
all this can be easily laid down from the 
body plan. 

In construction, I commence by setting 
the centre longitudinal girder in position on 
the keel blocks, and then raise upon it the 
transverse tie frames, with their beams, 
securing them in the ordinary manner by 
ribands. 

The first longitudinal frame on each side 
may then be bolted to the tie-frame, and 
the first strake of plating to them, and 
shored or blocked off, after which the re- 
maining longitudinal frames and strakes of 
plating may be added in the same manner 
consecutively. In order to advance the 
deck work, the strake in way of each tier 
of beams, with the longitudinal frames, 
should be raised as soon as the tie-frames 
are in position ; the beams which come be- 
tween the tie-frames may then be attached 
to those strakes, and the stringer-plates 
fitted. 

In order to have a comparison between 
the effective cross-sections of an ordinary 





transverse framed and longitudinal framed 
ship on my arrangement, I have taken a 
vessel of 312 ft. long by 34 ft. beam, and 
29 ft. moulded to spar deck, with 3,390 tons 
displacement or 20 ft. 6 in. draught, or 19 
ft. 6in. from top of keel; gross tonnage, 
2,000 tons; to class 100 A at Lloyd’s; 
index numbers, Lloyd’s rules, 81 and 
25,194. 

The scantlings of the longitudinal frames 
correspond with those of the present vertical 
frames, and those of the tie-frames to scant- 
lings given for keelsons ; all deck-stringers, 
beams, and skin-plates are the same in 
either case. 


Transverse-Framed Iron Ships. 


NE SUNIL a cack vesntenaoresiacsaceas 
Cee AGING BIN 00006 ideccpnensecccess 
Side keelson plates. .......0.cccccceccescces 
Garbvard strakes 

Bottom plating 

Side plating to lower deck 

Side stringer 


lower deck stringers “a ans iets 

Wood of lower deck = 1224+ 16, ‘equiv ‘alent 
in iron 

Side plating, low er to main deck. 

Main deck stringer plates, ties, and diagonals. 

Main deck stringer plates and angles......... 

Wood of main deck H 1224 +16 = 

Plating main to spar deck 

Spar deck stringer, ties, and diagonal - ates. . 

Spar deck stringer, angles SS ee 

Spar deck wood, 1224 +16 = 


Deduct for rivets connecting skin plates to 
frames 


Least total area 


Longitudinal-Framed Iron Ships. 


Garboard strakes ........ccccccccccccccccee 
Bottom plating 

Ginder Plates... cccedccicccece covsccceece 
Girder angles 

Side plating to lower deck 

Side fongitudinal frames to lower deck 

Lower deck stringer and tie-plates 

Lower deck stringer and angles............-. 
Lower deck wood, 1224 +16 = , 

Side plating, lower to main deck 
Longitudinal frames, main to lower deck 
Main deck stringer, ties, and diagonal plates. 
Main deck stringer and angles. 

Main deck wood, | 1224 4-16 = ..00..000 
Plating from main to spar deck 

Longitudinal frames from main to spar deck... 
Spar deck stringers, ties, and diagonal plates , 
Spar deck stringers and ‘angles eke Senetecess 
Spar deck wood 


128. 
24 


Greatest total area of section 
Deduct for rivets connecting skin-plates to 
longitudinal frames 66.00 


Least total area 
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Transverse-Framed Iron Ships. 


Areas Products. 


from 
Spar deck. 


Distance 


sq. in. | feet. 
Spar deck 41! 0.0 00.00 
Sides from main to spar deck.! 53.82} 3.9 | 210.89 
Main deck 229.51! 7.4 | 1698.37 
Sides from main to lower deck 104. ro 11,2 | 1177.37 
Lower deck 147.87} 14.9 | 2203.26 
Sides to bilges to lower deck. . oe 19.5 | 2868.84 
Bottom 484.98) 28.3 |13724.93 


1335.94 .... )21883.66 


Neutral axis below spar deck = 16,38 ft 


| Products. 
| 


Spar deck i -41/16.38 45544, 
Sides from main to spar} 
deck 53.82/12. 8409. 
Sides from main to spar 
| eee eoecee-| 53,82) 7.022 +12) 219.5 
Main deck . 1229.5 02 18590. 


2818. 
Sides from main to lower! 
deck, . err § £m fo. 487. 
Lower deck. oa -. |147.87| 1.5 332.7 
Sides to bilges to lower! 

deck . |147. 2? 1506. 
Sides to Dilges to lower 
1 








.022 12) 1225.50 
2.02 69837 .12 





Spar deck from neutral axis = 16.38)148972.54 


Moment of resistance 9094.54 


Products. 


Spar deck. 


00.00 
| 864,45 
1698, 37 
1612.24 
2739.81 
3491 67 
16446 54 


Spar deck . 
Sides from main to spar deck, 


Sides from main to lower aeak: 43.95) 

BE 0G vi aihnscsencecen 1183.88) 

Sides to bilges from lower deck|179 06) 

RESP rer et & 581 15} 28. 
| 


1 
Wino ROS 


1579.41 .... )26351 08 


Neutral axis below spar deck = 16.60ft. 





| 


| 
| 
| 


| 


| Areas. Products. 


Distance 
from 
| Neutral axis. 


.- sq. in. = 
Spar deck -+. |168,41/16.6 | 46407. 
Sides from main to spar | 

deck 93 45)12.7 15072. 


93.45) 7.0°+12) 381 
229.51) 9.2: 19425.7: 


143 95) 5. | 4197.5 


143.95) 7.5? + 1: 673.6 
183.88 : |} 531. 
Sides to bilges from 
lower deck........ .|179 06} 3. 1611.{ 
Sides to bilges from 
lower deck : 179. = 2: 1471.56 
Bottom ~ 15 | 80919.32 











Spar deck from neutral axis = 16. 6)170691.69 
Moment of resistance........ pieke 


Transverse-Framed Iron Ships— Resistance to 
Hogging. 

Displacement X Length + 20 = 52,884 ft. tons = greatest 
bending moment. 
9094.34 = Moment of re- 

sistance. 
Greatest tension longitudinally 5.81 tons on the sq. in. 
0.73 Difference of dis- 
tances from neu- 

tral axis. 


Greatest thrust longitudinally 4.24 tons onthe sq. in. 


Resistance to Horizontal Bending. 

4 Multipliers. Pro- 

sq. feet. ducts. 
PIB ccnseicnes 305. 17 17.0=} breadth 9187.89 
Bottom and decks/1030.77|17.0 = do, +4= |4380.77 
Resistance to bending... = 9568.66 
Greatest bending moment + do do..... = 5.52 tons 

per sq. in. 


Longitudinal-Framed Iron Ships.—Resistance to 
Hogging. 
Displacement Length + 20 = 52,884 ft. tons = greatest 
—— bending moment, 
1028.63 moment of resist- 
-—— ance. 


Greatest tension longitudinally by 14 tons on the sq. in. 


0.71 Difference of dis- 
tances from neu- 
tral axis. 
Greatest thrust longitudinally 3.65 tons on the sq. in. 


Resistance to Horizontal Bending. 


Areas. | Multipliers. | Pro- 

sq. in. feet. ducts, 
Us <i aesenase | 416.46)/17 =} breadth 17079 82 
Bottom and sides 1162,95|17 do. +4= /4942.53 

Resistance to bending. ,. = 12022.35 
. = 4,39 tons 


Greatest bending moment + do. do, 
per sq. in. 
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By reference to some tables, Mr. Scott 
showed that the cross-section of transverse 
framed vessels is to longitudinally framed 
vessels as 12 to 15, and that the resistance 
to longitudinal bending is as 9 to 10; and 
that the resistance to horizontal bending is 
as 9 to 12. 
weight of vessel, and is equal to about 15 
per cent. more strength longitudinally, in 
longitudinally framed ships, which would 


enable any of our present vessels to come | 


through any strain that they might be sub- 
jected to. 

For a particular service, suppose the 
transverse framed vessel taken out in tables 
to have sufficient longitudinal strength, then 
take the difference between areas of sections 
given for transverse and longitudinal ships 
= 285.74 sq. in., and this divided by 960 
in. =the total girth amidships = 29 in. 
thickness, = 11.6 lbs. weight per foot and 
thislength and by mean girth of vessel= 
105 tons less weight required for a longi- 
tudinal vessel with my arrangement; and 
as the total is 900 tons, this reduction in 
weight is over 11} per cent. 

The advantages to be gained in construc- 
tion and material are very great. The 
deprecatory effect caused by heating our 
present frame bars to the extent necessary 
for setting and bevelling, is well known; 
they become so short in the grain after being 
heated to such a degree, that they in many 
cases will not stand hoisting into their 
places, or even the riveting of the several 
parts together; this will be completely 
overcome by my arrangement. We will 
require neither the heating, bevelling, nor 
setting of floors, as the frames will be all 
square off the outside skin, and following 
the line of those plates, they being raised 
sufficiently fore and aft to take out the sag 
or vertical set, leaving each frame in a 
straight plain from end to end. Then as to 
the fore and aft curvature amidships, it is 
evident that a blow from a hammer will put 
this to rights; even at the ends, where the 
curvature increases to a maximum of 1 in 20 
in the fullest ships, the beam pressing ma- 
chine could put this round on with ease, as 
it is only twice the round given in deck 
beams. 

Now all the skin plates can be multi- 
pliers of the same number from end to end 
of the vessel except the fore and after plates 
in each strake, which will be regulated by 
the length from the last butt’to the stern 
post. This regularity is caused by there 


This is with the same total | 
|regulating details, 








being no transverse frames to regulate the 
length of each plate, so that with this con- 
struction, all the longitudinal frames, girder 
plates, and frame holes of skin-plates, can 
be punched from the same template, or 
punched with a machine such as that used 
in bridge and boiler construction, with self- 
thus obviating false 
punching, and the necessity of a separate 
template for each plate. 

As skin-plates are of different breadths, 
it may be considered difficult to obtain this 


| advantage, but as the butts do not overlap 


one another, they can be punched in the 
usual manner. 

The advantage to be gained in this part 
of the structure is the saving of time, as all 
the plates and frames can be marked and 
punched at once, instead of having one part 
marked off another as at present. 

In riveting the frames, it will be an easy 
matter to have them brought under a com- 
mon riveting machine, which at present is 
all but impossible, from the awkward shape 
and weight to be carried from the machine 
to the ship, so that the usual mode of rivet- 
ing large frames at present is across their 
own keels, for convenience in hoisting. 
Even this inconvenience and the expense of 
r:veting may be altogether overcome by the 
use of Z iron or J channel iron. To obtain 
this advantage in the present mode of trans- 
verse construction is impossible ; neither of 
these sections can be used, as they have to 
take many sharp curves and can be bevelled 
in many different ways. 

To bring and keep longitudinally-framed 
vessels in shape has always been a serious 
difficulty. Prior to this, temporary moulds 
have been used. This is at once costly and 
insecure, therefore objectionable, but will be 
overcome in my arrangement by the trans- 
verse tie-frames of double angle-iron, back 
to back, which will be in permanent posi- 
tion at the beginning of construction. I 
may here mention that these are the only 
frame bars requiring to be heated and be- 
velled, and they amount to only ith of the 
ordinary transverse frames. Here, also, 
you will observe a decided advantage in the 
reduction of furnace work, as the present 
frames cost twice the amountper ton weight 
of iron of any other part of the structure. 

In securing the deck beams to the outside 
plating, the loss of the transverse frames at 
this point will be made up by double angle- 
irons on the beam knees, as the connection 
does not in any great measure depend on 
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the knee, but to a large extent on the 
stringer plates and bar. The difficulty and 
great expense of connecting deck stringers 
to the outside plating on deck, where the 
frames pass through the stringers, will be 
removed by the bars being continuous fore 
and aft, and not cut into short pieces be- 
tween the frames, as at present. Thiscon- 
nection is very necessary, to prevent strain- 
ing at the decks. 

By having the bulkheads in direct contact 
with the skin, as in transverse framed ships, 
it becomes a very rigid part of the structure, 
and, instead of strengthening, tends to 
weaken, on account of the skin-plates being 
pierced so close in order to make the con- 
nection secure, the rigidity being only dif- 
fused by the keelsons and stringers ; but by 
having the double angle-iron frames inside 
the longitudinal frames, we disperse the 
rigidity fore and aft of the bulkhead over a 
large area, and, instead of weakening the 
skin at one point, it gives strength to all 
around by having the longitudinal frames 
passing continuous through the bulkhead, 
and making it water-tight round them by 
fitting plates between the longitudinal 
frames, and connecting them to the skin 
and bulkhead frames by angle-irons. There 
is, therefore, no necessity for having the 
skin doubled, as at present, at this point to 
assist in keeping the bulkhead from work- 
ing, as there is no direct strain on the 
skin-plate. The only use of plates be- 
tween the longitudinal frames is to cut 
off the connection between one hold and 
another. 

It is very requisite at the ends of vessels 
to have one side thoroughly connected with 
the other, especially so in screw steamships, 
where the vibration caused by the propeller 
being suddenly thrown in and out of the 
water is very severe ; the best workmanship 
and materials are often found insufficient to 
cope with this for any length of time. Now, 
with transverse frames this part of the 
structure is in no way strengthened, for not 
only are they almost always reduced in the 
inner flange to admit of the stern-pipe being 
got into its proper place, but are altogether 
in the wrong position to hold out against 
this strain. To meet the vertical strain on 
this point, we have the whole length of the 
stern-post above and below the shaft con- 
nected to the plating, thus diffusing it 
thoroughly in this direction; but to meet 
the horizontal we have only the cross section 
of the stern-post, skin-plates, and water- 





tight iron deck. As the transverse vertical 
frames are completely disjointed in a hori- 
zontal direction by the impossibility of in- 
troducing keelsons at this point in such a 
contracted space, we cannot allow anything 
for them. It is clear, I think, that this 
horizontal strain is met in a very insufficient 
manner; but with longitudinal framing we 
shall be able to completely overcome this 
inequality in rigidity by having a series of 
iron deck, as it were (as shown in plate), 
above and below the shaft, thus completely 
connecting the skin plates from side to side, 
and adding to the horizontal resistance. 
There will also be greater facility for rivet- 
ing the skin, as those horizontal plates can 
be fitted after the skin-plates are in position, 
and riveted. At the fore end of the vessel 
there are numerous advantages to be gained 
by having the sides of the vessel so thor- 
oughly connected horizontally, and giving 
support to the stern, which, at present, is 
only supported by the skin-plates and string- 
ers. 

Water ballast tanks so greatly promote 
economy in shifting from port to port that 
they are every day becoming of more im- 
portance. They are with difficulty con- 
structed in a satisfactory manner with 
transverse frames, because of the frames 
having to be cut on each side or allow- 
ed to pass through the side-plate of the 
tank at such close intervals, the difficulty 
being to make it water-tight round each 
frame. 

In the first construction we sacrifice the 
frame, in the other we weaken the side of 
the tank in order to preserve the frame. 
With transverse frames this is imperative, 
but if we have the frame running in the 
same line as the side of the tank, then 
we obviate all this unnecessary and unsatis- 
factory work. Water ballast tanks can be 
constructed in longitudinally framed ships 
with the greatest ease, and assurance of 
being tight when completed, by a very 
simple arrangement, as shown on plate. 
The side-plate of the tank is attached to 
one of the longitudinal frames, making a 
plain caulking seam fore and aft with the 
outside plating, which has no interruptions 
whatever, and all plain work from end to 
end, instead of the many interruptions and 
small detached pieces that are necessary in 
transverse framed ships; this is the part 
that makes those tanks so expensive and 
troublesome to construct. We shall be 
able to entirely dispense with those heavy 
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knee-plates that connect the frames to the 
side-plate of the tank. 

The transverse tie frames pass through 
the side-plate of the tank, but as they are 
clear of the side of the ship there is every 
facility for making the tank-plate tight 
round them. To have the wash from one 
side to the other stopped is one of the most 
particular points in the construction of those 
tanks: if the water is allowed to wash from 
side to side, the pressure brought to bear 
on the side-plate is so great that it is im- 
possible to keep them tight ; this is entirely 
prevented in longitudinal framed ships. If 
it is necessary to end the tank before 
reaching the ends of the vessel, it can be 
made perfect by having a bulkhead fitted 
across, in the same manner as the others. 

The small number of composite ships now 
building shows a serious defect somewhere ; 
either they must be weak for the quantity of 
material per ton, or, when strong enough, 
they are too costly. By studying our present 
composite ships, it is apparent that they 
have too little longitudinal strength as com- 
pared with an iron ship. We have in 
composite ships the transverse frames, 
floors, beams, and keelsons, all of much 
the same scantlings as in iron ships, and on 
those frames are bolted the longitudinal 
strakes of planking. In my arrangement 
for composite ships I have the external out- 
side planking worked diagonally, which 
may be either of one or two thicknesses, 
according to the size of the vessel. The 
longitudinal frames, transverse tie-frames, 
and deck beams, are all fitted in the same 
manner as described for iron ships on this 
principle. 

As the longitudinal frames require to be 
united at their outer edges as well as at 
their inner edges, I have narrow flat-plates 
from keel to gunwales, crossing the longi- 
tudinal frames at each of the transverse 
tie-frames. Those plates are connected to 
the plates between the longitudinal frames 
in flat of bottom by angle-iron on their 
lower edges. At the centre line a strake of 
plating is applied, running fore and aft, 
sufficiently broad to embrace the garboard 
strakes, and the butts of the diagonal 
planking. The keel, stem, and stern-post 
are also bolted to this plate, as at 
present. At each bilge there is a strake of 
plating fitted, embracing two of the longi- 
tudinal frames, and extending over 3ths of 
the ship’s length amidship; and in the 
line of each tier of beams it is necessary to 





for connecting the 
the 


have similar strakes 
beam-knees and _ stringer-plates to 
frames. ' 

In construction all the longitudinal 
frames will be secured to the tie-frames and 
outside tie-plates, and also the longitudinal 
strakes of plating in their proper positions, 
before putting on the diagonal outside plat- 
ing, as each diagonal strake crosses all the 
longitudinal frames. 

The advantages gained in frame setting, 
punching, and riveting, in iron-clad ships 
with my arrangement are likewise obtained 
in composite ships. 

The whole structure will be much more 
rigid than with the present transverse 
frames, by the outside planking, passing 
diagonally across the frames, resisting at 
the same time transverse and longitudinal 
bending, also, giving great stiffness at the 
bilges, which at present are only supported 
by the transverse frames and bilge keel- 
sons. 

‘To show more distinctly the advantages 
to be gained as to strength by the frames 
being longitudinally, I have taken out the 
section of a vessel 200 ft. long by 34 ft. 
broad, and 22 ft. moulded; tonnage under- 
deck 898 tons; displacement 2,05 tons, on 
19 ft. 6 in. draught of water, or 18 ft. from 
the top of the keel, to class 100 A at 
Lloyd’s. 

In making up those sections I have 
taken the same scantlings for longitudinal 
frames as required by rules for transverse 
frames and for my transverse tie-frames | 
have taken the scantlings given in rule for 
keelsons. 

Composite Transverse-Framed Ships. 


Keel wood, 342 + 16..... eee 
‘* plate 

Bilge strake ‘ 

Planking of bottom wood 

Keelson angles 


oe 


1584 + 16.. = 
Diagonal plates on frames between lower deck 
and bottom 
Keelson angles ..... 
Wood of lower deck, 1224 = 16 ..... 
Stringer and tie plates of lower deck 
ss MBs chc0000 c00006 


Planking from main to lower deck, 924 = 16 .. 

Iron sheer strake 

Diagonal plates or frames ..... 

Wood of main deck = 1584 = 16 

Main deck stringers, tios, and diagonal plates. 
6 ae angles 


Total area.... 
Deduct for rivet connecting plates to frames 


Least total area 
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Composite Longitudinal-Framed Ships. 


Keel, wood, 349 ~ 21.37 
“ 
Bilge strakes........... 
Wood planking of bottom = = 2160 = =16 
Longitudinal web plates 
FSD ie knticpenccsne shen vewe 
Wood planking ion bottom to lower deck, 
1584 ~ 16 = . 
Iron lower deck WE CIID... odincvcce can sey 
Longitudinal frames a — to lower deck 
Wood of lower deck 122 
Lower deck stringer 4 tie pletes pbanienimnsiheke 
ee ° 
Planking from lower to main deck, 929 ~ 16.. 
Iron sheer strake 
Longitudinal frames between main and lower 
” ae 
Wood of main "deck, 1584 * 99 00 
Main deck stringers, ties, and diagonal sncien 65 72 
ae 18.00 


Total area 1,167.30 
Deduct for rivets connecting plates to frames... 15 00 


_ Composite Longitudinal-F ramed Ships. 


| 


Areas, 





Distance 
from 
Main deck. 





sq. in.} 
Main deck ........ j182 72) 0| ono. 
Sides from main to lower deck|12 21 71| 3.75 | 456.41 
Lower deck /127.66| 7.50 | 957.45 


Sides to bilges from wren 196.5012.50 | 2456.25 
Bottom ° 538.71,21.50 11582.26 
| | 





1167.20 )15452,37 


Neutral axis s be slow main deck = 13. 23 ft. 


Areas. 


| 


Products. 


Distance 
from 
neutral axis 





Least total area .......... 1,152.30 


Composite Transverse-Framed Ships. 


| 


| 
| 
| 


|Areas. Products. 


from 
Main deck. 


wiskaas 


Isq. in. 
Main deck ™ 72) 00 
Sides woh main “to lower deck! 85 03) 3.72 5 | 318.86 
Lower deck .... 127. 66| 7.50 957.45 
Sides to bilges from lower deck/123 .82)12 50 | 1547.75 
Bottom ‘314 55/22 22 | 6991.02 


000.00 


) 9814.88 


Neutral axis below main deck = 11.90ft. 


Products. 


Distance 
from 


loa in. 

Main deck .......... -(1¢8.72/11.92 
Sides from main to lower 
deck 85.03} 8,12 


Neutral axis. 


85.03) 7.52 +12 
127.66) 4.352 
Sides to bilges from 

lower deck.... 123 .82}11.002=+ 12 
Sides to bilges from 
123.82) 0.702 
314,55) 9,302 








61370.90 


Main deck from neutral axis = 11.90 ft. 





| gC . in. 

Main deck... .. 182. 72 13.232 31981. 
Sides from main tolower 

deck..... 121.71) 9.502 10984. 32 
Sides from main to lower} 

deck 121.71; 7 502 +12 569. 
Lower deck . 27.66, 6.002 | 4595.7 
Sides to bilges from} 

lower deck........../196.50)11.002 + 12 | 1980. 
Sides to bilges from! | 

lower deck ........./196. 50) 1.002 196.50 
Bottom 5 7.702 $1940.11 


_ "$2248.49 
Main deck from neutral axis== 13 23 ft. 


Moment of resistance....... - 6216.81 


Composite Transverse-Framed Ships.— Resistance 
to Hogging. 
Displacement X Length + 20 = 25,000 ft. tons = greatest 
—— bending moment 
5157.73 = moment of re- 
—-- sistance. 

Greatest tension longitudinally 4.84 tons per sq. in. 
.78 difference of dis- 
tances from neu- 

—— tral axis. 
Greatest thrust longitudinally 3.77 tons on the sq. in. 


Resistance to Horizontal Bending. 
sq. in.| Products. 
Sides.......... .|208 85/17 ft = =4 breadth =| 3550.45 
Bottom and decks, 615.9317ft.= do +3=| 3489 85 


Resistance to bending... 7040.30 


Greatest bending moment do, do = 3.55tons 
per sq. in. 


Composite Longitudinal-Framed Ships.—Resist- 
ance to Hogging. 
Displacement x Length + 20 = 25,000 ft. tons = greatest 
———- bending moment. 
6216.81 = moment of re- 
—-— sistance. 
Greatest tension longitudinally 4.02 tons per sq. in. 
-58 differences of dis- 
tances from neu- 
—_—— tral axis. 
Greatest thrust longitudinally 2.33 on the sq, in. 
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Resistance to Horizontal Bending. 

Products 
5409.57 
4810.94 


|sq. in.| 
1318.21/17ft.—} breadth 


Bottom and decks 849.09,17ft—= do. +3=| 


Resistance to bending =10220.51 


2.44 tons 
per sq in. 


Greatest bending moment+ do. do. = 


| The difference, as shown in those tables, 
| between the cross-sections of composite 
transverse and composite longitudinal ships 
is very great. They are as 8 to 11, and 
the resistance to longitudinal bending is as 
5 to 6, and that of horizontal bending as @ 
to 10. 





THE MEASUREMENT OF SHIPS. 


From ‘‘ Naval Science.”’ 


“Merchants and sailors are continually 
asking, what will a ship carry? or, of how 
many tons is she? and naval architects or 
tonnage-measurers constantly supply the 
answer; but almost always it is doubtful 
whether the tons spoken of in expressing 
the size of a ship are weights or measures, 
so that very often weight and volume, al- 
though so different from one another, are 
confused.” These words were written 
more than a century ago, and are very 
nearly as true now as then. The subject of 
tonnage, or measurement, may still be 
fairly described as one to which “ few per- 
sons, not naval architects, attach any dis- 


tinct idea;” and the want of better knowl- | 


edge amongst persons having an interest | 
in shipping is attributable, not to any in- 
herent difficulty or complexity in the sys- 
tems of measurement, but rather to the 
confusion incidental to the use of the same | 
term “ton” as a unit of measurement in 


at least four different senses. Moreover, 


we are unaware of the existence of any , 
brief description, in popular language, of 
the various methods of measuring tonnage | 


now in use, although it is not uncommon 


to hear inquiries after information of the | 


kind. In this article our endeavor will 
be to furnish such a description, which we 


impossible to settle conclusively how this 
tonnage was calculated. There is reason 
to believe that it was based upon some 
rough approximation to the number of 
butts, or és, of wine which a vessel could 
carry, and that from this custom the term 
“tonnage” was derived. It is interesting 
to note that, if this is a correct view, this 
earliest system of measurement was based 
upon units of volwme, and not upon units of 
weight ; in which particular it resembles 
the system still in use for merchant ship- 
ping. The number of butts of wine that 
could be carried in the ship depended, of 
course, upon her capacity ; and it is natural 
to suppose that at first this number would 
be determined tentatively. But, as experi- 
ence became more enlarged, there must have 
arisen a desire to arrange some better and 
less laborious method of settling the ton- 
nage without actually stowing the hold; 
and so some method of calculation, giving a 
fair approximation to the carrying power of 
the ship in terms of her principal dimen- 
sions—length, breadth, and depth—must 
have been devised. An empirical formula of 
| this kind once established in use would, 
doubtless, work satisfactorily, and give very 
| fair results so long as the types of ships, 
|their forms and proportions, and their 





venture to hope will not be without inter-| methods of construction, remained un- 
est, especially at a time when the old-| changed; but, resting upon no scientific 
established system of tonnage measure-| basis, it might, if desired, be evaded by 
ment for the ships of the Royal Navy has| various devices, and might, in course of 
so recently been supplemented by another | time, become an evil which could not be 
and better method. | longer borne with. 

The necessity for some mode of measur-| The well-known rule for tonnage by 
ing the sizes of ships, either for purposes of | “ Builders’ Old Measurement ” (or, shortly, 
comparison, or of estimating the cost of| B. O. M.) furnishes an example of the 
construction, or of computing the various| preceding statements. Its use in measur- 
dues and duties from time immemorial lev- | ing British shipping can be traced back for 
ied upon shipping, must have been felt at a| centuries; until 1836 it remained established 
very early period. In some ancient docu-| by law as the only recognized system for 
ments, statements occur of the “tonnage” | the merchant service; and, until a few 
or “portage ” of ships; but it is practically! months ago, it was the only tonnage meas-~ 
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urement for H. M.’s ships given in the 
“ Navy List;” while, at the present time, it 
is still recognized in the official lists and re- 
turns for both our 6wn and the American 
Navy. Private shipbuilders, too, still 
make some use of this old rule in estimating 
the cost of ships ; and, in a slightly modified 
form, it is employed as the basis of meas- 
urement by most yacht clubs. Yet, strange 
to say, it is a most unscientific and mis- 
leading method of calculating tonnage, and 
has been shown again and again to be most 
objectionable, hampering the designers of 
ships very seriously, and leading to the 
adoption of bad forms and proportions. 

The only argument that can be advanced 
in favor of the Builders’ Old Measurement is 
the shortness and simplicity of the rule by 
which it was calculated; this may be sum- 
marized as follows : 

The /ength was taken on a straight line 
along the rabbit of the keel of the ship, 
from the back of the main-sternpost to a 
perpendicular line from the forepart of the 
main-stem, under the bowsprit. The breadth 
was taken from the outside of the outside 
plank in the broadest part of the ship, ex- 
clusive of any additional thickness of plank- 
ing or doubling strakes that might be 
wrought at that part. Then from the length 
was subtracted 3ths of the breadth, the 
remainder being termed the “ length for 
tonnage.” * This was multiplied by the 
breadth, and their product by half the 
breadth, and, dividing by 94, the quotient 
expressed the tonnage. t 

It would appear that this rule was in- 
tended to express two principal assump- 
tions :—First, that by the deductions made 
in finding the so-called length for tonnage, 
allowance was made for the fineness of 
form of the ship, as compared with the cir- 
cumscribed parallelopipedon ; and, secondly, 
that the depth might be fairly taken as one- 
half the breadth. Nothing need be added 
to this simple statement to show the utter 
want of any scientific basis in the rule; it 
stands confessedly only as a “rule of 





* It will suffice to add that if the ship was measured when 
afloat a somewhat different plan was adopted, and another 
small deduction of 3 in. for every foot of the load draught of 
water was made in estimating the length for tonnage, this lat- 
ter a being intended to allow for the rake of the stern- 
post. 

t In algebraica] language, if L = measured 


length, B = breadth 
(1 - < B) xX BX e , 
Tonnage B. O. M. = - —r- 





thumb,” and could be evaded with com- 
parative ease. Builders and owners, alike 
desirous of producing ships of small 
nominal tonnage but of great cargo-carry- 
ing capacity, were not slow to perceive that 
this policy required the use of raking stern- 
posts and other small devices, but was, above 
all, favored by the adoption of deep and 
narrow ships; and to this policy they 
sacrificed considerations of safety, behavior, 
and, generally, good performance. It has 
been well said, that before the abolition of 
the old law “the ships became little more 
than oblong boxes, most dangerous as sea- 
boats, and, from their want of stability, not 
capable of carrying sufficient sail to insure 
their safety on lee shores. Hence, after 
every gale of wind, the leeward coasts were 
covered with their wrecks; and hence 
Lloyd’s books registered annually the loss 
of six ships in four days.” Itis no wonder 
that in face of such disasters, and their 
obvious cause, the tonnage law should have 
been abolished; but it may well appear 
strange that for more than 30 years after its 
abolition, so far as the merchant service was 
concerned, it should continue in use in the 
Royal Navy, and should still be the basis of 
the Thames’ measurement for yachts. 

In the last-mentioned rule some slight 
modifications are made which require notice. 
The length is measured on the deck from 
the fore part of the stem to the after part of 
the stern post, and so any evasion of the 
rule by raking the post, as builders former- 
ly did when the B. O. M. rule was in force, 
is rendered impossible. The breadth is 
measured at the broadest part, wherever 
found. Then from the length is subtracted 
the breadth (instead of 3ths the breadth), 
and the length for tonnage thus determined 
is multiplied by the breadth, their product 
by half the breadth, and the quotient of the 
final product is divided by 94; this gives 
the tonnage by Thames’ measurement It 
is, of course, obvious that in the construc- 
tions of yachts there are not temptations to 
sacrifice form, speed, and good qnalities to 
mere carrying capacity, such as formerly 
existed in merchant shipbuilding; the ex- 
act reverse is true, and great sail-carrying 
power, necessitating considerable stability, 
is a sine gud non. But, on the other hand, 
it does seem a matter for regret that a rule 
of measurement so confessedly imperfect 
should be continued in use, when a better 
might be found. Into this matter, however, 
we cannot enter here. 
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The Americans also make use of a modi- 
fication of the B. O. M. rule in calculating 
the tonnage of their war-ships, when they 
are of unusual form like the monitors, al- 
though for their frigates, corvettes, sloops, 
etc., they appear to leave the old rule un- 
changed, just as has been the custom in the 
Royal Navy. In extremely broad shallow 
vessels, like the monitors, where the depth 
is actually much less than half the breadth, 
the American designers appear to use the 
actual depth instead of the half-breadth in 
the continued product, which, when divided 
by 94, gives the tonnage. This they ap- 
pear to call “ New Tonnage,” and the rule 


is free from one of the objections to which | 
| line-ot-battle ships. 


the B. O. M. rule is open; but even with 
this modification it is far from satisfactory, 
and it affords no fair means of comparison. 

In our “ Navy List,” as was said before, 
the old measurement still appears, although 
now not alone. ‘The fact is not a little sin- 
gular when it is remembered that every one 
considers the merchant service to have been 
much benefited by the abolition of the old 
law, and that for years past there has been 
an almost continual agitation in favor of a 
change. Sir Spencer Robinson and his 


professional advisers strongly advocated 


this course some years ago, and exposed 
the evil effects of the old system.* A simi- 
lar course was recommended by the pro- 
fessional witnesses examined by the recent 
Admiralty Committee on Designs, who, 
having the facts before them, finally report- 
ed in favor of the oft-repeated proposal to 
use displacement instead of Builders’ Old 
Measurement, and moved the Admiralty to 
make a long needed change. 

It has been asserted that the non-exist- 
ence of any temptation to make the nominal 
tonnage of our war-ships small at the ex- 
pense of their good qualities, has rendered 
the continuance in use of the Builders’ Old 
Measurement comparatively harmless, and 
there is doubtless some truth in this state- 
ment. But, on the other hand, it cannot be 
denied that the practice has had some evil 
consequences, especially when it was as- 
sociated with absurd limitations as to the 
maximum tonnage of ships in particular 
classes. All writers on our naval history 
appear to agree that this fact had some- 
thing to do with the long-continued supe- 
riority of the French ships to our own during 





*See the Report of the Parliamentary Committee of which 
Mr, Seely was chairman. 
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the latter half of. the last century, and it is 
not a little remarkable that during the pres- 
ent century every marked change or im- 
provement in the construction of the ships 
of the Royal Navy has been accompanied 
by a protest against, or a disregard of, the 
pre-existing tonnage limitations. This was 
especially true of Sir William Symonds 
when Surveyor of the Navy; it was true 
also of the Chatham Committee on Designs, 
Messrs. Read, Chatfield, and Creuze ; it was 
true of the steam reconstruction: and in 
nea. * the most marked degree true of the 
iron-clad reconstruction, the tonnage of 
the Warrior being something like 50 per 
cent. greater than that of the largest steam 
It is needless to add 
that in the later stages of the iron-clad re- 
construction the use of this defective rule of 
measurement has not been unattended with 
difficulty. Cases have occurred where the 
imposition of a tonnage limitation has ne- 
cessitated the sacrifice of some important 
quality, without which the efficiency of the 
type could not be considered unimpaired ; 
and other cases are on record where the 
professional officers of the Admiralty have 
had to state plainly that, under the tonnage 
limitation imposed, it was quite impossible 
to obtain all, or nearly all, that was desired 
in armor, armament, and speed.* On all 
accounts, therefore, it is a matter of con- 
gratulation that the first step has been 
taken towards abolishing the vicious system 
of Builders’ Old Measurement as applied in 
the Royal Navy. 

Resuming our sketch of the history of 
British tonnage regulations, a few words 
must be said respecting the law which re- 
placed the Old Measurement in 1836, and 
remained in force for nearly twenty years. 
The intention of this Act was to obtain, by 
actual measurements taken in the hold of a 
ship, some idea of her internal capacity, and 
to make this the basis of the legal tonnage. 
In principle, therefore, it resembled the 
Tonnage Law which superseded it in 1854, 
but the measurements taken were very few, 
and the whole system was very imperfect, 
so that the shipbuilder was easily able to 
evade the regulations, and in some cases is 
said to have secured a reduction of 10 or 15 
per cent. in the nominal tonnage by various 
simple devices. One favorite method was 
to work thicker ceiling, or by other means 


*For cases in point readers may refer to the Parliamentary 
Papers containing the Report, Evidence, etc., of the recent 
Committee on Designs. 
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to narrow the ship’s hold: locally, at the few 
stations where the Act required the meas- 
urements to be taken, filling her out be- 
tween. There was no similar temptation, 
however, under this law to malform the 
exterior of the ship herself, such as existed 
under the preceding rule, and the contrast 
is most marked when it is considered that 
the law of 1836, although faulty, was sound 
in principle, resting upon the assumption 
that the determination of the internal capa- 
city of a ship was the fairest system of 
measurement for all fiscal and commercial 
purposes. 

It is interesting to notice that this same 
principle had been laid down 150 years be- 
fore in the French “ Ordonnance de la Ma- 
rine for 1681,” which provided for the ap- 
proximate measurement of the internal 
capacity of ships, allowed a margin of 2} 
per cent. on the result of the measurement 
as a@ maximum error, and stipulated that 
42 cubic feet should be reckoned to the ton. 
In its conception this old law—probably 
long obsolete—is quite as sound as our pres- 
ent Tonnage Law, although, in its mode 
of executing the measurement of the inter- 


nal capacity, it was far inferior to the pres- 


ent rule. M. Bouguer, who initiated so 
many practices which have since been gen- 
erally adopted, fully realized this defect of 
measurement, and recommended that, to 
insure accuracy, the internal capacity should 
be calculated by a process similar to that 
which he used for finding the volume of 
displacement fora ship. Here, strange to 
say, he anticipated Mr. Moorsom, the late 
Surveyor-General of Tonnage, who, when 
it was a question of improving the Tonnage 
Law of 1836, made a suggestion similar to 
Bouguer’s, only still more accurate in its 
execution, for calculating the internal capa- 
city of ships, in order to obtain their ton- 
nage.* We have never seen this fact men- 
tioned in any work, and it can scarcely fail 
to interest our readers to know that the 
system of measurement of the Tonnage Law 
of 1854, which is usually referred to as a 
novelty, had been so clearly enunciated a 
year before, although the fact was pos- 
real unknown to those who framed the 
Act. 

Passing next to the so-called “ Register 





* Readers familiar with such calculations will understand 
the difference between Bonguer’s and Moorsom’s methods, 
when it is stated that the former used the trapezoidal rule and 
the latter one of Sterling's or Simpson’s rules for parabolic 
curves. 





Tonnage ” measurement, initiated in 1854 
by Mr. Moorsom: and his colleagues, and 
since used not merely in our own mercan- 
tile marine, but also in that of many other 
countries, our task of explanation will be a 
light one. It is only proper at the outset 
to acknowledge most fully the great ad- 
vantges that have resulted from the intro- 
duction of this measure, and the great judg- 
ment and foresight displayed by those who 
framed the regulations, which, with some 
very trifling modifications, have continued 
in use ever since, and given general satis- 
faction. 

Register Tonnage is defined by Mr. Moor- 
som as “ simply the internal capacity of the 
hold of the ship in cubic feet, divided by 
100 in order to bring out, with any addi- 
tionel spaces built upon deck, as nearly as 
may be the aggregate of the nominal ton- 
nage of former laws, so that the statistical 
tonnage of the kingdom should remain un- 
altered, as well as all revenues which, from 
early times, may have been founded on that 
standard. Jtis hence seen that the nominal 
ton of the present law consists simply of 
100 cubic feet.” 

No one can fail to understand, in face of 
this brief and simple explanation, what is 
meant by a “ton” of Register Tonnage; 
but it would be difficult for any one to in- 
terpret what is meant by a ton of Builders’ 
Old Measurement tonnage. Besides being 
intelligible and scientific, the new system of 
tonnage measurement has the advantage of 
affording the shipowner information of 
which he is constantly in need ; for, knowing 
the Register Tonnage, he knows also how 
many cubic feet are available for stowage 
of cargo and passenger accommodation, and 
thence can easily arrive at the dead-weight 
which the vessel may be expected to carry 
under ordinary conditions of service. This 
translation of units of volume into units of 
weight is necessarily based upon experience, 
for the very miscellaneous character of an 
ordinary cargo, and the want of anything 
like uniformity in the character of the suc- 
cessive cargoes carried in the same ship, 
prevent any mere theoretical estimate from 
being of much value. Experience shows, 
however, that in ships provisioned and stor- 
ed for an average length of voyage, about 
67 cubic ft. is the space required for each 
ton (avoirdupois) of cargo carried ; or, as it 
may be otherwise stated, that each ton of 
Register Tonnage (100 cubic ft.) will, on an 
average, suffice to carry 1} tons weight of 
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cargo. On this experimental fact Mr. 
Moorsom bases the following simple rule: 

“To ascertain approximately the dead- 
weight cargo which a ship can safely carry 
on an average length of voyage. : 
it is only necessary to multiply the number 
of register tons under her tonnage deck by 
the factor 1}.” 

This factor (1}) makes allowance for de- 
ductions necessary to be made for provisions 
and stores, but does not allow for the spaces 
appropriated to passenger accommodation, 
which are obviously very different in differ- 
ent ships, and must be separately deducted 
in each case. 

The new system at first met with much 
opposition, on the ground of the complexity 
of the calculations it required, and the 
largely-increased number of measurements 
which were made from each ship. The ob- 
jection was not valid, and could only have 
been made by persons ignorant of the prin- 
ciple of calculation, or desirous of retaining 
the power which they possessed under pre- 
ceding regulations, of easily evading the law. 
From the first, disinterested and better-in- 


formed persons were strongly in favor of 


the new system, which rendered evasion by 
any small devices practically impossible, 
and removed all temptation to use bad 
forms and proportions tor the sake of secur- 
ing small nominal tonnage with great 
cargo-carrying power. Its beneficial etfects 
have since been so fully proved as to place 
the matter beyond dispute, and to render it 
difficult to believe that such objections as 
those named above could ever have been 
made against a plan combining accuracy 
with simplicity in such a marked degree. 
Its principle has been accepted, too, by 
most maritime nations of importance; and 
although our method of measurement of the 
internal capacity is not adopted by all, the 
final result is very nearly identical, and the 
capacity-ton, or unit of measurement in the 
merchant navies of the United States, 
France, Russia, Italy, Belgium, Spain, and 
Denmark, is in no case more than 10 per 
cent. different from our register ton, the 
difference in most cases being much less.* 
As the result of nearly twenty years’ 
experience of the working of the ‘Tonnage 
Law of 1854, it would appear that only one 
important point is in dispute, and this had 





* In the very valuable work on ‘‘ Stowage,”’ by the late Mr. 
Stephens, of Plymouth, some very interesting information on 
this subject will be found. 
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become manifest twelve years ago, but has 
not yet been settled, nor does it seem ap- 
proaching settlement. This is the vexed 
question of “nett” as distinguished from 
“gross” tonnage, especially in steamers, 
which has of late been brought into unusual 
prominence by the action taken by the Suez 
Canal Company, who have departed from 
the common practice, and charged dues 
upon the gross tonnage instead of the nett. 
“Gross” register tonnage is the cubic 
content (in units of cubic ft.) of the hull of 
a ship and of every covered-in space upon 
the upper deck ; “ nett” register tonnage is 
intended to express, in the same units, the 
cubic content of the space actually available 
for remunerative service, the conveyance of 
passengers, or stowage of cargo. In sailing 
ships the difference between gross and nett 
tonnage is scarcely appreciable, the only 
deduction from the gross being that for the 
space occupied by the crew, made on the 
basis of a minimum allowance of 72 cubic 
ft. per man. In steamers, however, the 
case is very different, for, in addition to the 
crew-space, deductions are made for the 
space occupied by, or required for the effi- 
cient working of, the machinery ; and these 
deductions are very considerable indeed in 
some cases, making the nett tonnage, say, 
not more than 60 or’ 70 per cent. of the 
gross, and sometimes much less than this. 
As an extreme case we may refer to one of 
the Holyhead packets, the Leinster, 
which, as is well known, has very excep- 
tional steam power and is extraordinarily 
fast. The gross register tonnage of this 
vessel is 1,382 tons, her nett tonnage is only 
385 tons—about 28 per cent. only of the 
gross tonnage—this large deduction being 
due to the great space occupied by the 
machinery. Other instances are on record 
where tugs, with very great engine power, 
have, by means of the deductions for the 
engine space, etc., been made practically to 
have no tonnage, or to be within 1 per 
cent. of a negative tonnage. These are, of 
course, exceptional types, but even in ordi- 
nary ocean-going steamers the deduction 
for machinery space is very considerable, 
and is by no means free from objection. 
This deduction, according to Mr. Moor- 
som, is made on the principle, “That an 
allowance ought to be made for the space 
occupied by the machinery, which is a fixed 
and serious abstraction from the capacity, 
but not for fuel, except to the particular 
extent hereinafter mentioned, as fuel can 
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only be considered as an ever-varying ad- 
junct for working the machinery, varying 
with every length of voyage, in the same 
manner as the provisions, water, and stores 
for excess of crew, spare gear, sails, and 
canvas, with various other items, are the 
necessarily varying adjuncts for working 
the sails, which constitute the propelling 
machinery of sail-vessels, and for which 
no allowance is made to sail-vessels.”” The 
coal space here referred to is that on each 
side between the machinery and the ship’s 
sides, which from its situation was con- 
sidered unfit for any other purpose, such as 
the stowage of cargo. With the “intention 
of preventing unnecessary enlargement of 
the machinery space in order to decrease 
the tonnage, it was provided in the Act of 
1854 that, subject to the approval of both 
the Customs authorities and the shipowner, 
instead of actually measuring the machinery 
space, etc., it should be allowed for by cer- 
tain percentages on the gross tonnage; and 
at the present time, after various emenda- 
tions and alterations of this part of the law, 
we believe the regulations stand much as 
when they were first issued. This is rather 
to be wondered at, seeing that the “ anoma- 
lous workings” of the system of percentages, 
and the possible evasions of the intention of 
the Act which resulted, were frankly ac- 
knowledged by Mr. Moorsom in 1860; his 
recommendation then being that, instead 
of making a percentage allowance, actual 
measurement of the engine-room should be 
had recourse to, provision being made to 
prevent the undue extension of that space. 
It should be added that in the Merchant 
Shipping Code introduced, but not passed, 
last year, regulations were embodied prac- 
tically carrying out Mr. Moorsom’s sugges- 
tion; and it may fairly be assumed that 
these regulations sum up the result of 
official experience during the time the Act 
of 1854 has been in force. In this code it 
was provided also that, except in the case 
of tugs, the deduction for engine-space, etc., 
should not exceed 50 per cent. of the gross 
tonnage ; actual measurements being made 
of the volumes of engine and boiler-rooms, 
coal-bunkers, shaft-passages, funnel-casings, 
etc., for the deduction in cases where this 
limit was not reached. This alteration will 
undoubtedly commend itself to the minds of 
most persons interested in the subject, who 
consider that allowance should be made for 
the space occupied by machinery, or there- 
by rendered unfit for cargo. 





On this last-named point opinions are 
however, far from being identical. From 
the first introduction of steamers there have 
not been wanting high authorities who 
disputed the fairness of making any such 
allowance to steamers, and favored the 
course, now put into practice by the Suez 
Canal Company, of taking gross register 
tonnage as the basis of computing Customs 
and other duties. The balance of opinion 
is undoubtedly on the other side, and gen- 
eral practice sanctions the soundness of the 
view that only the commercially-remunera- 
tive space, available for cargo or passengers, 
should be charged with dues or duties. At 
the same time it cannot be denied that, from 
the point of view of the proprietary of docks, 
canals, or other establishments furnishing 
accommodation to shipping, there must ap- 
pear great anomalies in the common system 
of charge. The accommodation which a ship 
requires, the space she occcupies, and the 
difficulty of moving and handling her, all 
depend upon her external dimensions and 
size, which are obviously not so well indi- 
cated by the nett register tonnage as by the 
gross. For example, taking a sailing ship 
and a steamer each of 1,400 or 1,500 tons 
burden by nett measurement, it would be 
found that the gross measurement of the 
steamer would be quite 2,000 or 2,100 
tons if she were full-powered, while the 
gross measurement of the sailing ship would 
differ but little from the nett. There can 
be no question, we think, that the system 
can scarcely be regarded as perfect which 
would only require the same payment for 
the accommodation in a dock or in a canal 
of these two ships, differing as they must 
do greatly in their size, weight, and hand- 
iness. 

Nor can it be denied that, while the use 
of steam-propulsion necessitates a very 
considerable decrease in the cargo-carrying 
power of a ship, it is by no means an un- 
mixed disadvantage. Less cargo is carried, 
but the transit is more rapid, a much higher 
rate of freight is obtained in consequence, 
and, in very many instances, a remunera- 
tive passenger traffic is secured besides. 
These advantages are, of course, attended 
by largely increased working expenses, much 
larger original outlay on ship and ma- 
chinery, and greater cost of maintenance ; 
and it would not be easy to say how far 
these additional charges counterbalance the 
before-mentioned gains. One broad fact, 
however, seems unquestioned—viz., that, on 
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the whole, steam-ships are more profitable 
investments than sailing-ships, and are still 
gainirig on the old class, even for the most 
-distant services. May it not be fairly in- 
ferred, then, that the additional expenses 
incurred in building and working steamers 
do not entirely swallow up their additional 
earnings during their after-service? And 
may not this indicate that the generally- 
received opinion, that the space oceupied by 
machinery is not commercially remunerative, 
is at least open to doubt ? 

Register tonnage is the legal mode of 
measurement for all British merchant ship- 
ping and when once ascertained for any 
vessel, it is cut-in on one of the main beams, 
or otherwise permanently marked in some 
prominent place. Merchants and ship- 
owners make common use, however, of 
another unit of measurement, which may 
be alluded to in passing—viz., the 
“freight-ton,” or unit of “ measurement- 
cargo,” which is also used in connection 
with Admiralty store-ships and yard craft. 
This simply amounts to 40 cubic ft. of the 
internal space available for cargo; and so 
the freight tonnage can readily be found 
from the register tonnage. For this pur- 


pose, Mr. Moorsom gives the following 
simple rule : 

“To ascertain approximately, for an 
average length of voyage, the measure- 
ment cargo, at 40 ft. to the ton, which a 


ship can carry . . . multiply the number of 
register tons contained under her tonnage 
deck . . . by the factor 14, and the pro- 
duct will be the approximate measurement 
cargo required.” 

This factor, 17, is so chosen as to allow 
for provisions, stores, etc., but it does not 
allow for passenger space, which must be 
separately deducted. This freight-ton is, 
of course, a purely arbitrary measure; 
but it has a definite meaning, and is of 
considerable service in the stowage of 
ships. 

Some persons entirely disapprove of the 
employment of any system of measurement 
by internal capacity, on the ground that it 
introduces unnecessary confusion into the 
use of the terms “ton” and “ tonnage ;” as 
an alternative, they advocate the adoption 
of so-called “dead-weight” measurement 
—that is to say, would express the tonnage 
of a ship by the number of tons-weight of 
cargo carried. Such a scheme admits of 
being applied in either of two ways: first, 
to fix the maximum load draught line, 
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beyond which the vessel is not to be im- 
mersed, and then to estimate the displace- 
ment, in tons avoirdupois, between this line 
and the light draught line, at which the 
vessel floats, when she has no cargo on 
board ; second, to allow the tonnage to vary 
according to the amount of cargo embarked, 
estimating its weight by means of an offici- 
ally guaranteed curve of displacement for 
each ship, on which the light draught-line 
should be marked, and the actual draught 
at any time could be set off readily. These 
suggestions have the recommendation of 
great apparent simplicity, but are open to 
many serious objections. For example, 
their adoption would entirely revolutionize 
the nominal aggregate tonnage of the Brit- 
ish mercantile marine; and this would be 
no small evil, as is proved by the fact that 
all previous changes in the law have been 
intentionally so made as to leave the aggre- 
gate tonnage unchanged, the arbitrary divi- 
sors being so chosen as to give this result 
very nearly. As to the second mode of 
using this dead-weight tonnage, little need 
be said. There are obvious objections to 
having a varying tonnage for every —_ 
and it would open the way to possible 
evasions and disputes. Nor is the first 
mode more likely to commend itself, for it 
necessitates, first of all, the fixing of the 
loadline for each ship, and thus opens up a 
wide field for discussion, embracing the 
disputed question of freeboard in its relation 
to breadth and depth, as well as interfering 
with the freedom of private enterprise to an 
extent which has never yet been sanctioned. 
On the whole, therefore, it seems preferable 
to continue the use of the present Register 
Tonnage Measurement for all merchant 
shipping; the internal capacity being a 
fixed and ascertainable quantity, regulating 
the amount of cargo that can ordinarily be 
stowed, and governing the stowage far more, 
under most circumstances, than any- 
thing besides. At the same time, as was 
said above, there is room for further im- 
provement in the determination of the 
assessable tonnage of steamers, and the sub- 
ject should receive prompt attention. 
War-ships differ from merchant-ships in 
one most important feature, which has a 
great influence upon the determination of 
the system of measurement which can be 
fairly applied to them—viz., that they are 
designed to carry certain maximum 
weights, and to float under those circum- 
stances at a fixed draught, while merchant 
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ships have no corresponding load-line fixed 
as a maximum during the progress of the 
design. Persons who recommend that, in 
designing merchant ships, the maximum 
draught should be fixed and the load-line 
marked on the ship, forget that, under the 
very various conditions of stowage to which 
the vessel might be afterwards subjected, 
cases might occur where she might be un- 
safe even at a lighter draught than the de- 
signer had fixed upon, or might be safe at 
a deeper line. But in a war-ship the deep 
load-line can be, and must be, determined 
at an early stage of the design, in order 
that the height of guns above water, the 
draught and trim, may be secured by the 
detailed arrangements afterwards made. 
Hence for any given war-ship, the load- 
displacement is a fixed quantity, and can 
be fairly used as a measure of size and 
means of comparison. This load-displace- 
ment, equalling the total weight of the 
ship and all she carries, equals also the 
weight of the volume of water required to 
fill the space occupied by the immersed 
part of the ship when floating at rest in 
still water. It, and it only, furnishes a 
fair means of comparison between vastly 
different types of war-ships. Register ton- 
nage is here inapplicable, for it would give 
little or no idea of the relative size of, say, 
a frigate and a monitor; and it would be 
of little service to compare the volumes of 
their internal capacity, seeing that in ships 
of war, especially in armored ships, the 
weights carried are so greatly concentrated 
either upon the decks, the sides, or in com- 
partments of the hold. In short, war-ship 
design, while not independent of considera- 
tions of the internal space, is far more de- 
pendent upon considerations of buoy- 
ancy. 

The vital question is rather, can the 
weights be carried on the displacement, 
than can room be found to stow them? 
The problem to be solved by the designer 
is, having given the displacement, to pro- 
duce the best possible structural arrange- 
ments so as to associate a minimum weight 
of hull with the necessary strength and 
safety, and to obtain the largest possible 
percentage of the displacement for distribu- 
tion in the offensive and defensive powers, 
the propelling apparatus and the general 
equipment of the vessel, in order to make 
her a thoroughly efficient fighting ma- 
chine. 

The mere statement of the displacement, 





of course, affords no means of ascertain- 
ing the degree of efficiency attained ; that 
requires further and careful investigation, 
respecting which nothing can now be said. 
All that the displacement represents is the 
sum total of the weights of ship and lad- 


ing, and in the determination of the re- 
lative proportions of the different items in 
that sum the skill of the designer is mani- 
fested. 

This mode of measurement has long 
been in use for the war-ships of France 
and other European countries. It has long 


been recommended for adoption instead of 


the Builders’ Old Measurement, retained 
until quite recently as the exclusive ton- 
nage measurement in our “‘ Navy List,” and 
has at length been adopted. The change, 
although tardy, cannot fail to be beneficial, 
and we trust will speedily result in the en- 
tire disappearance of the absurd and mean- 
ingless builders’ measurement. The Con- 
structive Department at the Admiralty will, 
in future, be able to work more freely, and 
to choose proportions such as commend 
themselves as the best under the circum- 
stances of each case, without having to 
fear the misconception of persons who, ig- 
norant of the defects of the old rule, and 
looking only at its numerical results, were 
liable to the mistake that the builders’ 
tonnage was a fair means of comparison 
between different ships. 

Summing up the preceding description, 
it will be found that there are at present 
four different units of tonnage measure- 
ment in use. 

I. The Ton of Builders’ Old Measure- 
ment, an arbitrary measure having no defi- 
nite or intelligible meaning. 

Il. The Ton of Register tonnage, equiv- 
alent to 100 cubic feet of the space 
available for the stowage of cargo and 
passenger accommodation in merchant 
ships. 

III. The Ton of Freightage or Meas- 
urement cargoes, equivalent to 40 cubic 
feet of the cargo space of a ship. 

IV. The Ton (avoirdupois weight) of 
Displacement, equivalent to 35 cubic feet 
of the volume of sea water displaced by 
the ship when floating at rest. 

All, except the first, are useful and in- 
telligible measures, and are not likely to 
fall out of use; but the builders’ measure- 
ment is not merely useless, but mis- 
chievous, and cannot be too soon abol- 
ished. 
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Manufacturing engineers are under the 
impression that it is a Board of Trade 
regulation that the area of the locked up 
safety valve shall be not less than half a 
square inch for each square foot of fire- 
grate. The only regulation with reference 
to area of valve is the clause in the Mer- 
chant Shipping Act, requiring that, “if such 
valve is in addition to the ordinary valve, it 
shall be so constructed as to have an area 
not less, and a pressure not greater, than 
the area of and pressure on that valve.” 
Beyond this the surveyor is quite unhamper- 
ed in his consideration of the sufficiency of 
area of valve, and of its general fitness for the 
purpose for which it is intended. The ob- 
ject of having the pressure not greater than 
on the other valve, is that the lock up 
valve may be the first to open, and so by its 
frequent action the engineer may know 
whether it is in working order. This re- 


gulation was more necessary before than it 
is now ; at first lock up valves were so put 
out of the control of the engineer, that he 


could neither turn them nor “ ease ” them 
when steam was up. “To be out of the 
control of the engineer” is now very prop- 
erly interpreted to be in every respect, ex- 
cept overloading, quite under the engineer’s 
control, to turn them about on their seat, or 
to lift them by hand as required. 

The Act indicates the minimum of area 
of the valve as that which manufacturers 
had found to be sufficient for the purpose. 
It was to be not less,than the ordinary valve ; 
a common rule was half an inch of valve 
area to a foot fire-grate, and the Board did 
not make a rule to hamper a changing in- 
dustry, but they permitted their surveyors 
to approve of what the manufacturers had 
themselves found to be satisfactory. 

For steamers large safety valves for 
high pressures, and loaded with weights, 
are open to several objections. First, when 
the vessel rolls, the valve spindle is in- 
clined, and the effective load is reduced just 
in the proportion that the vertical height of 
the inclined spindle is less than its height 
when upright. If the pressure of steam 
carried is near to the loaded pressure, there 
is a wasteful loss of steam when the vessel 
is lying over. 

Second, when the vessel is pitching, the 


effective loading of valve is increased when 
that part of the vessel containing the boiler 
is describing the lower half of its pitching 
movement, and it is diminished while the 
upper half of that movement is being de- 
scribed. Place a weight on the palm of 
your hand, raise and lower it, and you will 
perceive the difference of load. And so 
does the steam, for the rising and falling of 
the vessel changes the safety valve into a 
pump, again wastefully discharging steam 
into the atmosphere. 

Thirdly, it is difficult to keep a safety 
valve in good order when there is half a 
ton of weights on it. The valve must 
necessarily be free in its seat, and every 
roll the weights move the valve a little to 
that side, and then back to the other side, 
wearing the face unequally. 

Fourthly, the half ton of weights piled 
on the top of the safety valve in a locked 
up casing, sometimes necessarily in a not 
very accessible corner, renders inspection 
difficult, and “touching up” often unsatis- 
fuctory. 

These drawbacks have been felt from the 
first, but while the pressures were only 
about 15 lbs. per sq. in., they were borne 
without much complaining. Pressures are 
now getting on tothe 100 Ibs., and with 
increasing pressure these inconveniences 
have grown to be serious evils. 

The remedy for the safety valve difficulty 
has been sought in five directions. 

First. The number of safety valves has 
been in some cases reduced, it having been 
found that keeping one valve in order is 
less expense than maintaining two of half 
the area each. Even in passenger steamers 
now, sometimes a large single boiler, carry- 








ing high pressure, has only one safety 
valve. 

Second. Instead of having an ordinary 
|in addition to the lock up valve, the re- 
|quired area of valve for each boiler has 
| been put into two lock up valves, but 
| so constructed that they can be “eased” 
‘or lifted, only not loaded when steam 
is up. 
| Third. The prescribed total amount of 
‘valve area has been called in question, as 
| being unnecessarily large for high pressures, 
‘it being admitted that steam of high pres- 
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sure will escape through the same opening 
faster than steam of a lower pressure. 

Fourth. Instead of direct loading, in- 
direct by lever and smaller weight has been 
introduced. 

Fifth. The Board of Trade have been 
asked to allow springs to be substituted for 
the dead weights in the loading of locked 
up safety valves. 

I will dispose of the first and second of 
these plans by saying that I consider the 
first as hazardous, and the second as quite 
justifiable. My present object is to deal 
with the third, fourth, and fifth of these 
proposed remedies. I purpose, as far as I 
can, to thoroughly discuss the subject in all 
its aspects, and for the first time, I believe, 
to expose the behavior of escaping steam. 
I will endeavor to write what I have to say 
in sentences, or to exhibit it in diagrams, 
instead of condensing it into formule. But 
some parts of the subject can be explained 
only by the use of the higher mathematics ; 
I will do what I can to put these in their 
simplest form, and should any reader, really 
anxious to follow me, come to a dead lock, 
if he writes to me I will try to remove the 
obstacle. 


THE AREA OF SAFETY VALVES. 


The manufacturers’ rule at present is half 
an inch to 1 ft. of fire-grate. What relation 
is there between that and the physical re- 
quirements of the case? 

Evidently the first step brings us to this, 
that half an inch of area of valve has to 
give free escape to all the steam that can be 
raised from the consumption on 1 sq. ft. 
of fire-grate. What is that consumption ? 
For our purpose I will take a high, but not 
uncommon rate of consumption, 24 lbs. of 
coal per hour per sq. ft. of fire-grate. For 
the steam raised, say 10 lbs. of steam per 
pound of coal. This might be too high 
were we dealing with probable efficiency of 
fuel as steam in the engine, but in our case 
we have to deduct no losses. 

We have then 240 lbs. of steam per hour 
to pass through a half-inch area of valve. 
But we will find it more manageable to deal 
with one second only, and that will be ~249, 
=), of a pound of steam per sq. ft. per sec- 
ond, or 4 lbs. per minute. (In round num- 
bers we may remember that from each foot 
of fire-grate there can be raised one oz. of 
steam per second.) 

We know then how fast we can make the 
steam ; we must find out now how fast we 





can get rid of it. I have further on de- 
duced from Joule’s equivalent the formule 
I must now use. The first is, that the 
weight of common dry steam that will pass 
through an opening one square inch area is 
when the steam is above 11 Ibs. pressure, 


P.9705 
w= as aa” For steam of 100 lbs. pressure 


above zero this gives W=———<- 
. 0 

For 50 Ibs. it gives a divisor 68.40, and 
for 200 Ibs. pressure it gives 71.256. Or 
say for any pressure above 26 lbs., that is 
11 lbs. above the atmosphere, the weight of 
steam escaping per sq. in. of opening per 
second is 7; of the gross pressure of the 
steam in boiler in pounds per sq. in. This 
divisor has been also arrived at by Professor 
Rankine as a deduction from an indepen- 
dent investigation. ‘or the true principles 
of the escape of steam we are indebted to 
Mr. R. D. Napier’s experiments, which I 
will discuss in detail in my treatment of this 
subject. 

Steam of 55 Ibs. by gauge is 55-+-15=70 
Ibs. pressure above zero, and as it is always 
the total pressure which has to be dealt 
with in discussing the properties of steam, 
we find that from this pressure 1 Ib. of steam 
per second 


P 85-415, 
7 =) 


will pass through an opening of 1 in. area 
in one second. Through the half-inch al- 
lowed per foot of fire-grate there will escape 


izg Per second. If the steam be 55 Ibs. by 


gauge, that will be half a pound of steam 
persecond. But for every half inch of valve 
there is only 1 ft. of fire-grate, and only 7; 
of a pound of steam per second. ‘The half- 
inch opening is therefore not required, and 
most certainly will never be used; the valve 
will, in this case, never open further than to 
ys of the prescribed area. For a general 
expression we have this: The proportion 
of full area to which the valve will open to 
allow all the steam to escape will be 


The steam raised per second per foot 
~The steam escaping per second per half-inch 
1,P 9% 
15° 104 P* 
For steam 78 lbs. by gauge we have the 
area of opening 
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of the area of the valve, and for steam 32 lbs. 
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by gauge we have the area of opening | 
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of the area of valve. When a valve opens | 
(not Zijts, but opens) one-fourth of its diam- | 

eter the area of opening is equal to the area | 

° S 

of valve. This happens because the area of 

a circle is the circumference multiplied by 

half the radius, which is, of course, equiva- 

lent to an opening all round the circumfer- 

ence, and of a breadth equal to one-fourth 
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If then | 


| 
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of the diameter. Our expression 


fraction, say a fifth or one-tenth. 


we multiply ~ ” by this fraction, we will get 


the breadth of opening really necessary to | 

allow the steam to escape. It will be 
D,, %_ %D 
“APP 

This is opening, not lift. Safety valves | 
are generally made with conical bearing | 
surfaces bevelled to 45 deg.; for these the lift | 
is to the opening as ¢en to seven, therefore | 

23D 10 10D 

: os" oF 

is the lift required. For example, a valve | 
5 in. diameter for steam 85 lbs. by g guage | 
would have to lift | 

10 10 ; A 

3 x % = one-tenth of an inch 
to allow the steam to escape as fast as it| 
could be produced. Of course I mean that | 
the valve has one half-inch of area for each | 
square foot of fire-grate. 

This seems to be a very small lift, and it 
is this fact which has led to the proposal to | 
reduce the area allowed, and to use a| 
greater range of lift. | 

Safety valves are intended not only to al- | 
low the steam to escape as fast as it is| 
made, but to do so without allowing of any | 
material increase of the pressure in the 
boiler beyond that for which the valve is | 
loaded. It is evident that to lift the valve | 
at all, the internal pressure must exceed | 


3 in. 
L 16 


| 
} 
' 
| 
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area with 
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the pressure of load. To what extent will 
| that excess Te 2ach when the safety —e has 
OD, 
P 3P 

This lift 3 is that required under the most 
| favorable conditions, with perfectly dry 
steam, and with the best form of outlet. 

It may be thought I am here a special 
pleader for small valves. I am stating the 
case as I find it, I think impartially; the 
above are theoretical deductions, and should 
| be reconcileable with the following, a prac- 
tical result. 

I this day experimented on two factory 
boilers, connected. Total fire-grate 26 sq. ft. 
4 safety valves loaded by lever 
| and hare By in the common way to 51 lbs. 
| pressure. Each valve is 3 in. diameter, and 
therefore the area of the valve is more than 
double the half-inch per foot of fire-grate, 
| being 28 sq. in. for 26 sq. ft. of fire-grate. 
All the valves were in fair working order. 
Arranged to have good fires before the din- 
ner hour ; 

Pressure in 
lbs. 
48 
50 
514 
oe 
038 


) 
or if conical has lifted | 


Engine stopped. 
Safety valves all brea 
se all blowing. 
Valves blowing strong. 
Steam escaping prevents mark- 
ing lift. 
Can hardly see gauge for steam. 


.™m 
ee * 
oo « 
2 
4 “ 


5“ 


thing. 


7« 60 
Pressure was evidently still rising fast. 
We then opened the furnace doors, shut the 
dampers, eased one of the valves, and start- 


ed the engine to reduce the pressure. 


Pressure in lbs. 

1h. 12 m. 58 Steam clearing away. 

1 +35 « 50 Engine working. 

The impression made upon all present is 
that these boilers have not too much area of 
valve. Had we taken out the levers and 
pins and carefully cleaned, eased, and oiled 
the joints, the result might have been dif- 
ferent. But the trial was a fair one, the 
gear was in fair ordinary working order, 
and the valves worked about equally. 
There was no blast. 


RAILWAYS. 


From ‘The Engineer.” 


A suspended railway may be defined 
one the permanent way of which, instead of 
being sustained directly by the ground, is 
parried at some height above the natural 


surface of the country traversed, on points 
of support more o : less distant from each 
other. The pe of such a road may 
be found in an inclined wire rope stretched 
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from the face of a precipice to the valley 
below, down which baskets loaded with ore 
are transported, as may be seen in some 
mining districts. In another, and in some 
sense more complete form, it is to be found in 
the tree roads of one or two of the densely 
wooded islands of the Indian seas. The jun- 
gle being impassable at the level of the 
ground, the natives cut down long trees, 
and support them on posts consisting of the 
stumps of other trees felled high up. These 
tree roads,we are told, in some cases run for 
miles from the sea-shore inland, and they 
are readily traversed by the natives walking 
in single file, although they would present 
considerable difficulties to a European. The 
principle involved appears to possess consid- 
erable merit, and some dozen schemes for 
suspended railways have been brought be- 
fore the world both in this country and in 
the United States within the last few years. 
As is'their wont, certain engineers have con- 
demned the idea involved in no very measur- 
ed terms, principally because it strikes them 
as impracticable ; but we think suspended 
railways have too many features to recom- 
mend them, to justify us in dismissing them 
without examination. 


An immense proportion of the cost of 
railways is due to the construction of earth- 
works, such as embankments, cuttings, and 


tunnels. Certain districts are so unfavora- 
able, indeed, for the construction of railways 
as to render it impossible to make them 
except at a cost which would be simply 
ruinous. Under the most favorable circum- 
cumstances, however, it is impossible to 
construct a railway by laying the sleepers 
directly on the natural surface of the soil. 
A certain amount of earthwork must be 
executed, and when earthwork is reduced 
to a minimum the railway is invariably un- 
even, abounding in short inclines of varying 
steepness. In the case of the suspended 
railway there are practically no earthworks 
whatever. In its simplest form the track 
consists of one rail supported on timber 
posts or piles driven into the ground, and 
cut off to such a length that, however irreg- 
ular the surface of the ground may be, the 
line will either be quite level or laid to a 
regular gradient conforming to the face of 
the country. We may have at one point a 
post driven in a hollow, and consequently 
rising 25 ft. or 30 ft. from the surface of the 
soil, while within 20 yards of it at each side 
may be found posts rising not more than 5 
ft. or 6 ft. The vertical lines in any section 





showing the levels of a line of railway will 
represent the posts very well if we turn the 
section upside down, the datum line then 
representing the level of the track. Of 
course it will be understood that in practice 
no attempt would be made to maintain a 
dead level. In laying the line out a maxi- 
mum and minimum height of post would be 
determined upon. The former might be 30 
ft., the latter 7 ft. These lengths would 
allow a clear range of 23 ft., and a line 
might be carried at a dead level across any 
country the irregularities in which did not 
exceed this range in height orin depth. It 
might be necessary to carry the works for 
miles up rising ground, and in this case the 
railway would of course, as we have said, 
conform to the general slope, but not one 
penny would be required fur work and ma- 
terial spent in filling up hollows or cutting 
down little hills. The substructure of the 
road, instead of consisting of earth and clay 
and stones, would consist of stout timber posts 
or piles driven deep into the soil by the aid 
of a moditied pile-driver, while the track 
would be to all intents and purposes as level 
as that of any other railway. 

It is not to be supposed for a moment that 
a road thus made would be suitable for the 
conduct of heavy traffic in a well-peopled 
country ; but such a track would be beyond 
question an important boon in many of our 
colonies. Under ordinary circumstances the 
line would be single and the vehicles would 
as a natural consequence, be suspended be- 
low the level of the wheels, which would, 
run on the track above. We have seen 
more than one ingenious scheme in this 
country and in the States for the use of 
carriages and locomotives intended to work 
under these conditions; and it is quite cer- 
tain that no engineer would find the least 
difficulty in constructing single-rail rolling 
stock which would work with safety and 
efficiency. It is possible, however, that cir- 
cumstances might arise which would render 
the adoption of something better than a 
single rail desirable. There would, however, 
be no trouble in erecting two single-rail lines 
side by side and, say, 3 ft. apart, and we 
should then have at once the very cheapest 
narrow-gauge road which it is possible to 
construct. Such a road would, of course, 
only be suitable for a country where timber 
was plentiful, and, if properly made, not an 
ounce of iron would be used in miles of such 
a track. Every possible requirement would 
be found on the spot. No iron rails would 








be used, the continuous timbers, some 10 in. 
or 12 in. square, rough from the saw-mill, 
would well support little vehicles fitted with 
broad, smooth, iron wheels. The trains 
would in no case weigh more than a few 
tons, and would easily be propelled at from 
five to ten miles an hour by little locomo- 
tives of 2-horse or 3-horse power. It is 
impossible to overestimate the value of 
such a little line, a very few miles long, in 
many of our colonies, as a means of convey- 
ing produce of various kinds, such as coffee 
across an inaccessible tract of land to a good 
road, a river, railway, or the sea-side. Nor 
is it possible to urge with truth a single 
objection to such a line as regards the power 
of working it with ease, safety, and regu- 
larity. It may, indeed, be asserted that the 
line would not be as good as an ordinary 
railroad. This no one disputes ; but when 
it becomes a question of a suspended railway 
or of no road at all, it is useless to draw such 
comparisons. 

If the double line were adopted—and in 
most cases the double line would be infinitely 
preferable to the single line—the mode of 
construction would be excessively simple. 
It would first be necessary, of course, for an 
exploring party to lay out the route; but 
the extent of ground to be cleared by the 
axe men in doing this would be very small. 
Subsequently a greater width of jungle 
would have to be opened up. A saw-mill 
would be a necessity. This mill would be 
established near one end of the line, and by | 
it the piles would be prepared. The line | 
once begun would advance rapidly, the 
permanent way being laid as fast as the 
piles were driven. The pile engine would, | 
of course, run on the road, advancing as it | 
advanced, and very little trouble would be 
experienced in sending up the piles from the | 
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saw-mill to the front as they were required. 
If, as is probable, the railway led to a river, 
the timber for the piles would be floated 
down to the mill in a way well understood ; 
but if there were any difficulty about this, 
it is not beyond the resources of the engi- 
neers to send up the saw-mill itself to the 
front, and so begin on a new basis as,soon 
as one district was cleared of the available 
timber. 

We do not assume that the work of 
making such a line would be all plain 
sailing, but we think that a few Yankee 
lumbermen, aided and directed by a couple 
of sharp engineers, and an eflicient staff of 
laborers, would find very little difficulty in 
building eight or ten miles of such a road 
in three months. Of course the details of 
construction would vary with different cir- 
cumstances, but no profound engineering 
problem would ever arise for solution. The 
cost would in any case be very small indeed ; 
and there is no reason why a suspended 
railway should not be 50 miles long, if need 
be, as well as eight or ten. By the aid of 
such lines whole districts in Ceylon—to 
name but one country out of several—would 
be opened up, which, although capable of 
being made enormously productive, are now 
valueless because they are inaccessible. Ot 
South America the same statement holds 
good; in a word, of the utility of suspended 
railways there can be no doubt. That they 
would cost less, ceteris puribus, than any 
other roadway possessing the same advan- 
tages is, we venture to think, equally cer- 
tain. If these statements represent the 
truth, then we venture to think that colonial 
engineers cannot do better than give the 
merits and demerits of the suspended rail- 
way the consideration which we believe the 
subject deserves. 


BRIDGE CYLINDERS. 


From 


It is scarcely more than 30 years since 
the principle of founding the superstructure | 
of a bridge upon hollow cylinders was car- | 
ried into practical operation. It may be | 
safely stated that, where practicable, this | 
method of obtaining a sound and reliable | 
foundation in the bed of a river is at once 
the simplest, the cheapest, and the most| 
rapid in execution. The nature of the ma- | 
terial of which the cylinders themselves are 


“* Engineering.” 


composed, whether of cast or wrought iron, 
is a matter of detail which does not affect 


the value of the principle. There is no 


| question that the introduction of concrete as 


a constructive material, and the favor it has 
ever since enjoyed at the hands of engineers 
and architects, very considerably influenced 
the adoption and use of the cylindrical sys- 
tem of bridge foundations. So far as hollow 
cylinders of a small diameter are concerned, 
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the employment of concrete presented the 
only means of filling them, as their dimen- 
sions were too contracted to permit of brick- 
work or masonry being laid in their interior. 
As there is not sufficient room for men to 
work in them, they cannot otherwise be fill- 
ed. It will be as well to have a clear idea 
of the proper function of a hollow cylinder 
and the duty it has to perform when sunk in 
the bed of a river. The common opinion is 
that it acts as a direct support for the super- 
structure placed upon it. This idea is gen- 
erally erroneous. It seldom does anything 
of the kind, and in this respect differs from 
the action of pile foundations. The duty of 
a cylinder of the description we have men- 
tioned, and in the position assigned to it, is 
simply that of a surrounding envelope or 
covering to the material inside it. The 
latter may consist of concrete, stone, brick- 
work, or, as is frequently the case, partly 
of one and partly of the other. It is, in fact, 
an iron casing sunk into the river to allow 
of a solid core or pier being built in its in- 
terior, which could not be erected without 
its protection and support. It is possible 


that in some instances, when the solid cores 
or piers are built, the superstructure erected, 


and the whole bridge brought to its bear- 
ings, the cylinders themselves might be re- 
moved without any danger of injuring the 
stability of the structure. As this removal 
could only be effected above the level of low 
water, or, at the most, above the level of the 
river bed, and as nothing would be gained 
by the operation, the rule is to leave piers 
as originally put together. Moreover, it is 
probable that when the internal filling con- 
sists of concrete, the cylinders effectually 
assist in retaining it in form and prevent 
any tendency to its spreading laterally—or 
squeezing out—if the term may be applied 
to a solid material. A glance at the char- 
acter of the foundations of the majority of 
the most recently constructed bridges over 
the Thames, as well as of those in progress, 
is sufficient to prove the truth of our asser- 
tion with regard to the views entertained by 
engineers on this point. 

In sinking cylinders, it is sometimes ne- 
cessary to use either Hughes’ or Pott’s 
method, but the most favorable circum- 
stances under which this system of founda- 
tions can’, be adopted is, when the cylinders 
can be got down by the combined action of 
excavation and weight. The two former 
methods are troublesome, expensive, and to 
some degree uncertain. The last is free from 





all these objections, and upon the possibility 
of rendering it available ought to depend, 
in a great measure, the selection of this 
principle of foundations. There can be 
nothing more vexatious to an engineer or 
harassing to a contractor than to have a 
number of cylinders lying ready for him 
while he is unable to proceed with the sink- 
ing of them. Itis bad enough to be com- 
pelled to wait for materials when the work- 
ing arrangements are in perfect order, but 
it is a great deal worse to witness the ma- 
terials accumulating without being able to 
dispose of them. With the exception of 
rock and very compact gravel, there is, per- 
haps, no description of bottom which is not 
adapted for cylinders. A difficulty occurs 
occasionally when the substratum is sand, 
and in which the pressure of water is so 
great as to cause a “blow.” But this may 
be successfully overcome by having recourse 
to a large auger or “miser,” by which the 
excavation can be proceeded with without 
entailing any very serious amount of pump- 
ing. The question of pumping, and the 
quantity of water likely to be met with, must 
be taken into consideration in deciding upon 
the adoption of this system of foundations. 
Obviously, a prolonged spell of pumping, 
during which the downward progress of the 
cylinder might be little or nothing, would 
very much detract from the advantage of 
the principle in that particular case. It 
must be remembered that in these, and all 
similar operations, which are of a purely 
practical character, their success depends 
altogether upon the experience and skill of 
the engineer who has the responsibility of 
carrying them out. In addition to possess- 
ing merely a knowledge of the details of 
engineering and constructive works, he 
must be a man of resources. He must be 
thoroughly familiar with the management 
of men, and accustomed to the manipula- 
tion, both by hand and machinery, of ma- 
terials in large masses in uncouth shapes, 
and of heavy weights. Above all, he must 
be a man full of contrivances, apt at meeting 
and overcoming unforeseen contingencies, 
and able to accomplish the same object in 
any one of half a dozen ways, which might 
prove the most desirable. It is in getting 
in the foundations of a large bridge over a 
river—whatever may be the system em- 
ployed—that there is abundant scope for 
the display of these qualities so essential to 
a practical engineer. Very frequently the 
most expensive portion of a large structure 
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—the foundations—are always sure to be 
the most hazardous and troublesome, and 
to require more constant supervision than 
the remainder of the work. 

There are two general processes available 
for sinking cylinders in a river or in the sea. 
The one is to erect a staging for the pur- 
pose, and the other to sink them from boats 
or pontoons. The principal points which 
would influence decision in the matter are 
the nature of the bed of the river, the depth 


of water, and the velocity and strength of | 


the current. To these must be added the 
character of the river itself, whether its 
flow and depth of water be uniform and 
constant, or whether it be of the Indian 
type of streams, some of which can be trav- 
ersed dry-shod at certain seasons, and at 
others possess all the violence and fury of 
a mountain torrent. The depth of water 


would not necessarily increase the difficuly | 
of erecting scaffolding and staging, al- | 


though it would undoubtedly add to the 
cost of them, as stronger timbers would be 
required for the uprights and horizontals, 


and a greater amount of cross bracing to | 


give rigidity to the whole framework. <A 
timber staging or scaffolding on a large 
scale is nothing more than a huge truss, 
and the laws which govern the correct and 
scientific distribution of material, and the 
proper arrangement of struts and ties in 
iron trusses, apply with some slight modifica- 
tions to those of timber. If we turn our at- 


tention now to the sinking of cylinders by 
the aid of pontoons, it will be seen that this | 


method is independent of two of the dangers 
which threaten the other. These are the 


depth of the water and the nature of the | 


river bed, provided that in the latter case 
there is holding ground for anchorage. But, 
on the other hand, it is more ditticult to 
protect it from the third danger, that is, the 
violence of the current. A strong staging, 
thoroughly well braced together, presents 
comparatively little resistance either to the 


wind or water, and is but little affected by | 


them. The case is very different with a 
pair of long pontoons, which must be main- 
tained by moorings perfectly steady at the 
site of the cylinder to be sunk. It is also 
evident that an overhead staging affords 
more command of the cylinders, and more 


freedom of action in hoisting and pitching | 


them than pontoons. If gantries or travel- 
lers, be employed the 
rest with the staging. The means used for 


the actual excavation of the bed of the river 


advantage will still | 


in the interior of the cylinders will depend 
upon the nature of the ground at that depth. 
If of a hard, tenacious character, a cutter of 
some kind must be used, and worked either 
by hand or machinery. In sinking the 
cylinders in the Gorai river, one of the large 
| tributaries of the Ganges, for a bridge on the 
| Extension of the Eastern Bengal Railway, a 
cutter of peculiar form was employed. It 
consisted of a horizontal disc-plate, furnish- 
ed with four blades fixed at right angles to 
one another, and projecting downwards in 
a vertical direction from the under side of 
the disc. The shape of the blades was 
triangular, and they were provided with 


| cutters, so that while revolving, the machine 


| excavated a hole of a conical shape, 9 ft. in 
| 


diameter. The whole apparatus was worked 
by a compressed air engine, with the assist- 
ance of some hand-gear. An instance in 
which very simple means sufficed to remove 
the contents from the interior of very large 
cylinders was afforded by the foundations 
of the Albert Bridge, which is now in an 
|advanced stage of progress. It must be 
premised that the stuff excavated was of a 
| different character to that existing in the 

vase of the Gorai Bridge. The cylinder 
| having been pitched and bedded, the exca- 
vation was carried on by the combined ac- 
tion of a small steam engine, a scoop, and a 
| diver. é 


The scoop contained about half a 
|ton, it was adjusted under water by the 
| diver, and worked by the steam engine, the 
whole operation being conducted with ease 
and certain. A rather curious little incident 
occurred in sinking the cylinder on the up- 
stream side of the bridge on the Surrey 
shore. The cutting edge of the lowest ring 
came right across a hole that had been 
originally filled by a pile which had been 
afterwards drawn. Consequently, although 
| the cylinder continued to sink at a fair rate, 
the water nevertheless continued to flow in, 
| passing down the hole on the outside of the 
cylinder and up it in the inside. After some 
little delay and trouble, this trifling hitch 
| was got over. 
Kentledge, rails, monkeys, and, in fact, 
| whatever tolerably heavy articles of iron 
‘an be conveniently obtained, are rendered * 
‘available for weighting cylinders, and so 
either assisting their sinking or forcing 
them down when necessary. ‘These weights 
are not piled on indiscriminately, as might 
possibly be imagined, but care is required 
|to adjust them properly both with regard 
| to their number and their position. It is not 
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advisable to sink a cylinder with too great 


rapidity, and the nearer the perpendicular 
it can be maintained throughout the whole 
process of sinking, the better. In this 
respect it partakes of the character of a 
column, the strength of which becomes at 
once diminished by any deviation of its | 
vertical axis from the perpendicular, or by 
any unevenness in its bedding. If a cylin- 
der in going down heel or cant over to any 
very appreciable degree it becomes liable to 
a cross strain, which, if permitted to increase 
or even continue, might ultimately cause it 
to crack, or, perhaps, rip right open. It is 
obvious that as the whole cylinder consists | 
of several successive rings or lengths, the 
weights must be removed every time a new 
length is bolted on. Where the weights 
are few, which occurs when the cylinder 
sinks easily, the delay occasioned by this 
alternate removal and reimposition is not of 
much consequence. But when the weights, 
instead of merely assisting the cylinder to 
“go down,” are required to perform the 
office of forcing it down, their total number 
and weight render the process of shifting 
and replacing very tetlious, and involve very 
considerable delay. A plan was adopted 
at the Gorai Bridge which obviated this in- 
convenience. A water tank, holding when 
full about 90 tons of water, was made to fit 
on to the top of the respective rings of the 
cylinder. It could be filled in 10 min. by a 
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pump, and emptied in a proportionately 


short time. The only point that does not 
appear satisfactory with respect to this plan 
of weighting, is that there are no means of 
loading on any particular part of the eylin- 


‘der, and the canting of the cylinder would 


aggravate the evil by sending the water to 
the lowest end of the tank. The weight 
must either be uniformly distributed or not 
at all, whereas in sinking large cylinders it 
is frequently necessary to load only one- 
half of the circumference of a rim at a time. 
In fact, it is in this manner that the cylin- 
der is maintained in a perpendicular posi- 
tion when inclined to heel or cant to one 
side. Partial weighting could be obtained 
by means of a water tank, provided it were 
divided by water-tight bulkheads into sev- 
eral compartments, any number of which 
could be separately filled at pleasure. It 
would be difficult to form an opinion what 
is the maximum depth to which a cylinder 
could be sunk, supposing the strata to be 
favorable to the operation. The land cylin- 
ders of the Gorai Bridge were sunk through 
120 ft. of earth, about 40 ft. of which 
depth were got through by open excavation, 
so that the actual sinking only extended for 
a depth of 80 ft. Whatever may be the 
maximum depth, if we are to judge by the 
wholesale sweeping away of the piers and 
cylinders of the bridges in the Indian rivers, 
it is in that country that engineers will have 
the merit of discovering it, if they wish to 
avoid such catastrophes in future. 


LEAD MINES AND WORKS OF GERMANY. 


From the “London Mining Journal.” 


The treatment of these ores varies accord- | 
ing to the nature of the matrix. The Eng- 
lish process of smelting is used in some 
places on the Continent, but more commonly 
the smelting is effected in a small blast-fur- | 
nace, with an admixture of iron, to form a 
fusible slag. In most of the smelting works 
we visited in the Hartz this latter method | 
is followed. ‘The galena ores, dressed up | 
to 70 per cent., are carefully mixed with | 
slags from former operations, iron, and bot- | 
toms of old cupels, in the following propor- 
tions :— 


Galena, averaged at 70 per cent. lead... .37 
Fine sandy ore, silicious................ 5 
Cupel bottoms, litharge................ 5 
Pure litharge. oan 
EES 47 
Cast-iron, in fragments................. 5=100 


The furnaces are about 7 yards high, and 
so arranged on the floor that the furnace 
hearth comes level with a step in front of 
the brickwork, and projects some distance 
into this step. Here the slags forming on 
the top of the hearth are drawn off by the 
workmen at intervals, and set aside, to be 
subsequently added to a fresh charge of ore. 
A blast, worked by a water-wheel, is sup- 
plied to the hearth. The cold blast enter- 
ing the furnace cools the melted matters in 


| its path, and forms a sort of slag channel 
| from the tuyere into the interior of the 


hearth. This is said to be of great impor- 
tance in preventing the too rapid combus- 
tion, and in sensibly warming the air before 
it comes in contact with the metal. The 


| upper part of the furnace is occupied with 
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several chambers, through which the fumes 
pass before escaping up the chimney. In 
this respect, however, many of the German 
works are inferior in arrangement to the 
English, not being provided to the same 
extent with flue accommodation to collect 
the oxide. The flues of the Greenside 
Smelting Works, in Cumberland, are three 
or four miles long, and on the occasion of 
our last visit were being lengthened out to 
seven miles, built, of course, on the ground. 
Indeed, the manager informed us that, so 
far as practical experience in England had 
gone, there was no limit to which the flues 
might not be remuneratively carried. 

As the charge in the furnace gradually 
liquefies, slag forms, and cools on the upper 
part of the hearth, from which itis now and 
then removed by a hook, and put aside, the 
richer varieties to mix with a fresh charge, 
and the poorer varieties to be wheeled to 
the waste heap. When the hearth is seen 
to be full of metal it is tapped off into a 
basin, fixed in the floor, at the foot of each 
furnace, where it readily separates into two 
layers, the upper one a brittle mixture of 
ferruginous and plumbiferous sulphides, 
called the first matt, and the lower layer of 
metallic lead. The total produce from the 
minerals above given amounts to 26 per 
cent. of the charge. 

In these furnaces much depends on the 
skill of the smelter, whose attention is con- 
stantly required in the method of charging 
the materials, the degree of temperature 


maintained, in seeing that no metallic lead | 


escapes with the slag, and that as little 
metal as possible is lost by volatilization. 
The fuel employed is coke. 

The treatment of the rich slags from off 
the lead baths occupies an important place 
in the smelting establishments ; and in this 
respect the arrangements were generally 
much superior tothe corresponding process 
in England. The slags, as before remarked, 
are mixed sulphides of iron and lead, with 
variable amounts of copper, antimony, nick- 
el, etc. These slags are calcined in heaps, 
in the same manner as native sulphurets, 


to expel the sulphur, and then they are re- | 


duced in a smaller furnace, supplied with a 
moderate blast. 
equal quantities of roasted matt and slag, 
to which is added one-sixth their weight of 
a mixture of litharge, silicious slag and iron. 
A quantity of metal is produced from this 
furnace, which is run off into a basin, in the 
same manner as from the reducing furnace. 


Here it readily separates, as before, into 
two layers, the lower of pure lead, the upper 
of a slag, similar to the original slag in 
composition, but poorer. This is called the 
second matt, and is roasted and reduced in a 
similar fashion, producing lead and a third 
matt, and in the same way a fourth 
matt is produced. By this time the slag, 
by the successive withdrawals of lead, has 
become impoverished, until it ceases to pay ; 
but the copper originally present in the ore, 
having a greater affinity for sulphur than 
lead has, becomes successively enriched, till 
in this fourth, or copper matt, as it is called, 
it becomes the more valuable substance, 
and it is for this accordingly treated. The 
various works at Clausthal and Goslar pur- 
sue substantially the same method. But 
for ores containing less than 30 per cent. of 
lead we found another form of furnace in 
use in the Eastern Hartz, which, we under- 
stand, has been recently introduced into 
England with great success, to smelt the 
more refractory ores, and the poorer slags 
from former workings. ‘The furnace is 
round, and smaller than the ordinary lead- 
smelting hearth. The internal diameter is 
1 metre and the height 3 metres. The 
body of the hearth rested generally on cast- 





The charge consists of 
g 


iron pillars, but in one works, near Kénigs- 
burg, we observed the hearth was support- 
'ed on four brick pillars. The body of the 
hearth is filled with coke dust and char- 
coal, well beaten down, so as to form the 
floor, and a good blast is supplied by three 
or four tuyeres. The slag formed is very 
fusible, and this method is said to yield 
very good results, quite equal to assay. 
| Galenas and slags containing not more than 
|7 or 8 per cent. are worked to a profit by 
| this method. ‘The fuel is coke, each ton of 
|the poor ore requiring 2 to 3 ewt. of fuel. 
| Owing to the higher temperature, long flues 
| are of more importance in this than in the 
‘ordinary reducing furnace. The flues at 
Kénigsburg, where this method is followed, 
were tolerably extensive, but in our opinion 
| might be profitably extended. The mana- 
ger, however, thought it would not pay. 
The lead ingots so obtained throughout 
| the Hartz are next treated for silver. The 
average richness in the Clausthal works 
| being 106 oz. to the ton. The refineries 
are usually in a separate building, and the 
operation is conducted in three different 
ways. In one works Patinson’s process was in 
operation, in which the silver-lead is allow- 
ed to crystallize slowly in iron vessels, where, 
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as the pure lead crystallizes first, and is 
constantly removed by a perforated ladle, 
the mother liquor continually enriches in 
silver, until it is several thousand ounces to 
the ton, and is then cupelled,.in the manner 
described in our last article on silver. The 
second method we saw at Frederickshiitte, 
where the argentiferous lead is melted in a 
large cast-iron vessel, while a smaller one 
stands near, containing zinc in a state of 
fusion. The metals are then mixed in the 
proportions of 17 Ibs. of zine to 1 oz. of sil- 
ver in the alloy. This mixture is now kept 
at a melting heat, with constant stirring, for 
two hours, then allowed to stand. A scum 
forms on its surface, which contains the zine 
and silver, and is constantly removed as it 
forms. When this scum no longer rises 
the liquid lead is run off, and exposed for 
some time to a red heat, to drive off the last 
traces of zinc in vapor. The lead is next 


kept in a state of fusion for two hours, with 
the addition of a billet of green wood, the | 
exact purpose of which we could not ascer- | 
tain from the smelters, but it seemed to 
purify the lead and improve the quality. 
The matters skimmed off are next re-melted 
in a sloping tube, from which the metallic 


lead flows as it melts, and is at once cupel- 
led for silver; while the zine residue is dis- 
tilled in retorts, with the addition of coal 
dust, according to the method commonly 
adopted for zinc, and about 50 per cent. of 
the quantity originally employed is obtained. 
An obstinate residue of zine and silver 
remains in the retorts. To this a fresh 
quantity of lead is added, which, when 
melted, alloys with the silver, and is then 
obtained by cupellation in the ordinary 
fashion. The lead appears to be more 
thoroughly freed from silver by this method, 
and where the proportion of silver is small— 
say, 20 0z. to the ton—there is no doubt 
it will be advantageous. The manager at 
the works spoke highly of the economy of 
this process, as did also the students at the 
Clausthal School of Mines, but we believe 
itis not much practised in this country. 
The third method is that of direct cupel- 
lation, which is only used in the case of very 
rich ores, and even then it does not seem to 
be by any means economical, and is much 
less used now than formerly. 
In the next article we purpose to describe 

our visit to Wilhelmsschact, one of the larg- 
est collieries in Saxony. 


THE MACHINERY OF SHIPS OF WAR. 


From ‘ Nav 


The extent and variety of the mechani- | 
cal arrangements in our ships of war will | 
be familiar to most of our readers. Noth- 
ing excites the wonder of the visitor to one 
of our turret ships, for example, more than | 
the apparently chaotic jumble of engines, 
wheels, pipes, cranks, ete., by which he is 
surrounded, and even the experienced engi- 
neer in charge, who is supposed as a part | 
of his duty to have mastered the intricacies 
of this labyrinth of mechanism, becomes 
occasionally bewildered in attempting to | 
distinguish between pump gear and turret | 
gear, steam gear and hand gear, etc. Not | 
only, however, can a good reason be given 
for the presence in the ship of every part 
of this mass of machinery, but the inevi- | 
table tendency is to add to its complexity. 
The increasing weight of the guns mounted 
on shipboard, and also the increasing dan- 
ger of a want of celerity in the movements 
of the ship, render it extremely probable 


that the use of manual labor will be dis- | 


pensed with to a far greater extent than at 


al Science.”’ 


present, and that the power stored up 
within the iron walls will be made still 
further available for the rapid manipula- 
tion of the ship and her ponderous ord- 
nance. With the auxiliary steam power 


| for steering, working guns, capstans, ete. 
2 Do SD >? , 


we do not, however, intend to deal. It is 
to the consideration of the design and ar- 
rangement of the “main” or propelling 
machinery as affected by modern conditions 


| of naval warfare we propose to devote this 


article. 

It is not within our purpose here to dis- 
cuss questions relating to the probable de- 
velopment of the art of attack and its gen- 
eral effect upon the construction of ships of 
war, but the following appear to us to be 


| fair conclusions to be drawn from a careful 


study of these questions so far as they im- 
mediately affect the arrangement of the 
machinery. 

First, with regard to armor-clad ships. 
If naval warfare were to be confined to a 
mere conflict of the heaviest guns that 
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could be mounted afloat, the attainment of 
high speed in an iron-clad might well be 
sacrificed for the purpose of enabling a 
greater weight of guns or of defensive ar- 
mor to be carried. Attacks by ramming 
and by the moving torpedo have, however, 
introduced formidable dangers to which 
slow and unwieldy ships will be peculiarly 
liable ; and we may therefore regard the 
attainment of high speed in order to secure 
the greatest possible mobility in action, 
even if for no other reason, as one of the 
first objects to be aimed at in the design of 
ships intended to fight at close quarters. 
Also, in an action at close quarters, the 
temporary disablement of the propelling 
machinery would in all probability place a 
ship, despite her gun power, at the mercy 
of an enemy provided with either ram or 
torpedo, and as injury from both these 
modes of attack is received below the 
water-line, the additional protection from 
shot or shell given to the machinery by 
placing it below the water level does not 
appear to be of sufficient importance to 
counterbalance the disadvantages attending 
its arrangement in this way. One serious 
disadvantage is the difficulty it places in 
the way of a subdivision of the compart- 
ments, which, so far as that portion of the 
ship occupied by the machinery is con- 
cerned, would give the nearest practicable 
approach to the “ cellular construction ” re- 
commended by the Committee on Designs. 
Next, with reference to unarmored 
ships. The most important class of vessels 
of this description which it has been the 
recent policy of our own Government to 
build, is one intended for the protection of 
our commerce, and high speed has been 
sought in this case with the object of en- 
abling the vessel either to overtake, and 
fight if necessary, an unarmored enemy, or 
to escape from an armored one. It is im- 
perative here that the machinery should be 
kept as far as possible below the water- 
line, and although the ship would rarely be 
exposed to under-water attack, as she 
would seldom come to close quarters with 
an armed enemy, the subdivision of the 
machinery compartments appears to be 
quite as essential as in the case of armored 
ships, in view of the destructive effects of 
modern shells against unprotected vessels. 
Whether the ship be an armored or an 
unarmored one, it appears to be evident that, 
with regard to the design of the machinery 
of the more important vessels, we require, 





in order to meet the exigencies of modern 
naval warfare, to favor the following fea- 
tures: 

Ist. Great range of power, coupled, as a 
matter of course, with economy of fuel at 
all speeds. 

2d. The greatest attainable security from 
even temporary disablement in action. 

3d. Facility for rapid repair and discon- 
nection of disabled parts. 

With most modern engines, whether com- 
pound or simple, the maximum power 
which can be developed is dependent on 
the boiler. We are aware that compound 
engines are being made in which the steam 
is intended under ordinary working condi- 
tions to be carried for nearly, if not quite, 
the whole length of the stroke in the high- 
pressure cylinder ; but these are manifestly 
unsuited for ships of war, and, we may also 
remark, are at variance with some of the 
theories of engineers who advocate the in- 
herent superiority of the compound over 
the simple form of engine so far as the ac- 
tion of the steam in the cylinder is con- 
cerned. With the compound engine, even 
in its best form, however, the range of 
power (as dependent on the cylinders) is 
not so great as with the ordinary expansive 
engine ; but in either case the practical 
limit of the power of the engine is deter- 
mined by the steam-producing capabilities 
of the boiler, and here we find that the 
type of boiler which is now being substi- 
tuted for the “box” or rectangular boiler 
on shipboard, is not well adapted for the 
development of great power on an emer- 
gency. 

The various forms of the “box” boiler 
are rapidly becoming obsolete for marine 
purposes generally, as the use of the sur- 
face condenser has enabled steam of higher 
pressure to be used on shipboard. These 
boilers are easily stowed, and in most cases 
ample steam room can be obtained with 
them, while the wall-sided furnaces and 
roomy combustion chambers are well adapt- 
ed for rapid and economical combustion of 
the fuel. The great extent of the flat sur- 
faces requiring to be stayed prevents their 
adoption, however, for steam of more than 
about 30 lbs. pressure, and in lieu of them 
cylindrical and oval boilers are now in 
general use. In these the arrangement of 
the tubes is similar to that of the “ box” 
boiler, and combustion chambers of good 
capacity can be given; but the cylindrical 
furnaces which are fitted are not at all suit- 
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ed for carrying heavy fires, and the maxi- 
mum rate of combustion of the fuel per 
square foot of grate is considerably less 
than with the older type. Though requir- 
ing a greater amount of staying than the 
cylindrical boiler, the oval form of high- 
pressure boiler is more easily stowed, and 
advantage can be taken of the full depth of 
the hold to give good steam room without 
making a shell of objectionable dimensions. 
Either boiler can, however, be made easily 
accessible for cleaning, examination, and 
repairs, and (with steam of what has now 
become the ordinary working pressure), not- 
withstanding the disadvantages attending 
the use of the cylindrical furnaces, they are 
probably the most trustworthy boilers that 
can be adopted for ships of war, and more 
especially so for armored ships, as they are 
here protected in a great measure from pro- 
jectiles. 

In unarmored ships, however, the ex- 
posure to the direct effect of projectiles of 
large boilers containing great quantities of 
hot water and steam at a pressure of 60 or 
80 Ibs. to the square inch becomes a seri- 
ous matter, and it is therefore most impor- 
tant that a form of boiler not liable to exten- 
sive or permanent injury, when struck by 
projectiles, should be provided for this ser- 
vice. One feasible way of meeting the diffi- 
culty would be to adopt a boiler built up 
entirely of tubes. 

This description of boiler has been used 
on land in many forms with more or less 
success for a number of years, and it is now 
being introduced to some extent on ship- 
board. ‘The construction for marine pur- 
poses of a satisfactory boiler of the “ tubul- 
ous” type, as it has been named, is a wide 
and intricate question, and we do not here 
propose to discuss the relative merits of the 
various modes in which a solution of the 
problem has been attempted. It appears 
to us, however, that boilers built up of tubes 
are peculiarly adapted for use in ships of 
war. The explosion of shooting away of a 
few of the tubes could not possibly be at- 
tended by results so disastrous as would be 
sure to follow the explosion of an ordinary 
boiler. There seems to be nothing to pre- 
vent the adoption of furnaces capable of 
giving a high rate of combustion, and the 
great comparative safety of the boiler in an 
action would give increased confidence to 
the stokers and engineers, whose post—in 
unarmored ships more especially—in front 
of large vessels charged with high-pressure 


steam, and liable at any moment to be per- 
forated by some projectile, is, to our mind, 
the most unenviable in the ship. With a 
form of furnace favorable to rapid and com- 
plete combustion, the great extent of space 
taken up by the ordinary type of boiler 
could be materially reduced. 

In connection with the boilers the provi- 

sion of a copious draught to the furnaces is 
one of the most important: questions to be 
dealt with in arranging the machinery. 
Efficient ventilation of the stokeholds, com- 
bined with a free use of the blast-pipe, 
when it is required to force the fires, ap- 
pears to find most favor in our own Navyy— 
land this plan, while possessing the great 
merit of simplicity, gives sufficient control 
| of the supply of air to render the power of 
ithe engine practically dependent—with a 
good form of furnace and boiler—on the 
quality of the fuel, and upon the skill and 
endurance of the stokers. Systems of fans 
for the supply of air to the furnaces, by 
either exhausting up the funnel, or forcing 
the air directly into the furnace, have fre- 
quently been proposed, and have formed the 
subject of patents in this country. They 
have also been used to some extent in the 
American Navy. ‘There is much to be said 
in favor of arrangements of this description, 
both in point of economy of fuel and con- 
trol of the evaporative power of the boiler, 
and they are worthy of serious attention 
from the fact that by contributing to in- 
creased rapidity of combustion their adop- 
tion would tend to lessen the boiler space, 
and give greater room for the capacious 
cylinders required in order to realize the 
full benefits to be obtained by the use of 
high-pressure steam, for the carrying of 
which the “tubulous” boiler is specially 
adapted. 

The choice of the type of engine best 
suited for ships of war involves a number 
of questions, to the minute consideration of 
which we shall not be able to devote pres- 
ent attention. We think it may safely be 
assumed, without discussion, that the prov- 
ed economy attending the use of high-pres- 
sure steam has rendered imperative the 
adoption of engines working at a pressure 
of at least 60 lbs. for all the more impor- 
tant ships. Whether steam of this pressure 
can be used as efficiently in an ordinary ox- 
pansive engine as in a well-designed com- 
pound engine is a question which has been 
much discussed of late, and many interest- 
ing articles on the subject in the leading 
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engineering journals will, no doubt, be 
familiar to our professional readers. 

In discussing the relative merits of the ri- 
val types, it is palpably misleading to insti- 
tute comparisons between an engine of one 
type working at 15 or 30 lbs. pressure and 
that of another working at 45 or 60. No 
doubt this has frequently been dune from 
want of other data, for until recently no or- 
dinary engine working at 60 lbs. pressure 
with great capacity for expansion had been 
tried in the navy, and trustworthy informa- 
tion on the subject from other sources has 
not been available. ‘The results of the most 
recent experiments we give further on, and 
we may remark here that it is a significant 
fact that the compound engine could not 
compete successfully with the ordinary type 
in the Navy until worked with steam of 
about double the pressure of that used with 
the simple engine. 

With regard to the theoretical aspect of 
the question, a better authority could scarce- 
ly be quoted than Professor Rankine, prob- 
ably the greatest living authority on the sci- 
ence of Thermodynamics in its application 
to the steam engine. In a Report to the 
Committee on Designs, which may fairly be 
taken to represent his matured opinions up- 


on a subject to which he has devoted much 
attention, Prof. Rankine advocates the su- 
periority of the compound engine, but upon 
grounds to which we think experienced 
marine engineers are not likely to attach 


much importance, He writes: “So far as 
the theoretical action of the steam in the 
cylinder is concerned, it is immaterial wheth- 
er the expansion takes place in one cylinder 
or in two or more successive cylinders. 7'he 
advantage of employing the compound en- 
gine is connected with those causes which 
make the actual indicated work of steam 
fall short of its theoretical amount; and 
also with the strength of the engine and its 
framing, the steadiness of its action, and 
the friction of its mechanism. 

The sentence we have italicized here is 
very vague ; but we find the Professor, in 
comparing the performance of the six-cylin- 
dered compound engines of the Constance 
with those of the Octavia and Arethusa 
(ordinary engines), expressing his opinion 
very explicitly as follows: “‘The superior 
economy of fuel as compared with indicated 
power in the Constance is of course to be 
accounted for by a higher initial pressure 
and a greater rate of expansion than those 
used in the other vessels, combined possibly 





with better jacketing and greater super- 
heating.” 

So tar as the action of the steam was 
concerned, a question upon which he is 
eminently qualified to express an opinion, 
Professor Rankine here distinctly attributes 
the superiority of the compound engine, in 
the case of the Constance, to arrangements 
which we need scarcely say are quite appli- 
cable to ordinary engines. 

He goes on to say: ‘“ But the superiority 
of the Constance over the Octavia in effi- 
ciency of mechanism—in other words, in 
economy of indicated power as compared 
with effective power—can be accounted for 
only by the comparative smallness of fric- 
tion in the engines of the Constance, and 
when it is considered that the engines of 
the Octavia were of good design, and of the 
best possible workmanship, the comparative 
smallness of the friction in the Constance 
must be ascribed mainly, if not wholly, to 
the balance of driving forces, the result of 
the arrangement of opposite cranks in Mr. 
Elder’s three-cylindered compound engines.” 

Mr. Wright, the experienced Engineer-in- 
Chief to the Admiralty, has, in his evidence 
before the Committee, pointed out the un- 
trustworthy character of the data upon 
which Professor Rankine has endeavored to 
establish the superiority of the Constance 
in point of efficiency of mechanism, stating 
that with regard to the apparent difference 
between the ships in this respect he “should 
be rather inclined to ascribe it to the diffi- 
culty of ascertaining the indicated power 
with sufficient accuracy to form a conclusion 
upon the subject.” 

But even assuming that the indicated 
power had been correctly given, and thatan 
actual difference in favor of the Constance 
during the trials could be established, we 
think few engineers of experience, with a 
knowledge of the facts, would have ascribed 
this superiority of performance to the “small- 
ness of friction” due to a complex arrange- 
ment of six cylinders. It is pretty well known 
in the marine engineering world that the 
engines of the Constance were not regarded 
as a success in point of facility of handling, 
the popular idea being that their defects in 
this respect were mainly due to excess of 
friction; and we should not, for our own 
part, be surprised to find that a report to 
the effect that the engines occasionally re- 
quired strong persuasion in the shape of 
powerful jacks to induce them to start is 
true, notwithstanding the “ balance of driv- 
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ing forces.” We venture to think that if 
Professor Rankine had in his investigations 
given greater prominence to other differ- 
ences in the two ships than those to which 
he refers, he would scarcely have committed 
himself to an expression of opinion which is 
little likely to secure the respect usually 
accorded to the results of his labors in the 
many fields of scientific inquiry to which he 
has so successfully devoted himself. As 
pointed out in an interesting article on this 
question in the “ Engineer,” the engines of 
the Octavia having three cylinders with 
cranks disposed at angles of 120 deg., would 
compare favorably with those of the Con- 
stance so far as a balance of driving forces 
was concerned ; and we believe an explana- 
tion of the superiority of the Constance in 
point of iis toad of secnennuntione presuming 


that it existed at all, would be found in the 
difference of pitch of the screws and the ve- 
locity of the piston. 

The compound engines which have been 
found to be the most successful in the Navy 
|are those of the two-cylinder type, with 
cranks at right angles, as fitted in the 
Briton, Tenedos, ete. A very instructive 
trial was recently made with an engine of 
this type in competition with an ordinary 
twin cylinder engine, working at the same 
boiler pressure, and fitted to cut off the 
steam at a very early portion of the stroke. 
The results of the trials have already been 
published in the engineering journals, but we 
reprint them here for the information of 
our readers, as being the most recent and 
trustworthy upon the question we are dis- 
cussing. 
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Calculating from these data, it will be 
found that the volume swept by the piston 
per indicated horse-power was 17 cubic ft. 
in the Goshawk against 14.7 only in the 
Swinger. The way in which the “ six hours 
runs” are conducted in the Navy is admit- 
tedly faulty with regard to the manner in 
which the consumption of fuel is ascertained, 
but the mode of trial was of course equally 
fair for both ships, and we have no doubt 
the trials were conducted in exactly the 
same way as those upon which the reputa- 
tion of the compound engine has been 
established in the Navy. Without, how- 
ever, regarding the results obtained as con- 
clusive, we think it a most suggestive fact 
that the simple engine in this case, with a 
much less capacity for expansion, should 
have been found to work with practically 
the same consumption of fuel as a compound 
engine of the most approved type. 

As an engine pecu at adapted for high- 
pressure steam, we regard the general in- 
troduction of the compound engine in the 


merchant and mail services, and in spbcial 
service ships attached to our Navy, as only 
a question of time; but that any advan- 
tage would be gained by its exclusive adop- 
tion for our ships of war, as strongly re- 
commended by the Committee on Designs, 
appears to us to be very doubtful. Beyond 
the single fact of its proved economy in the 
consumption of fuel, it has nothing to re- 
commend it for modern ships of war, and 
we think our readers will allow that there 
is a fair prospect of equally good results in 
this respect being obtained with simple 
engines, at what has now become the ordi- 
nary working pressure. The inter-depen- 
dence of the cylinders of the compound en- 
gine renders it extremely liable to total 
disablement in an action, and the dissimi- 
larity of the spare gear, owing to the differ- 
ence in dimensions of the cylinders, slide- 
valves, etc., together with the comparatively 
unmanageable size of some of the principal 
parts, presents serious obstacles to rapid 





repair. 
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We may here remark, however, that the 
objection of great weight frequently urged 
against the compound engine of the most 
modern design is mainly due to the high 
pressure of the steam used, and the great 
range of expansion, and not to the type of 
engine. There is little doubt but that the 
same capacity for expansion must be given 
toa simple engine if a similar result in 
point of economy of fuel is to be expected, 
and as the maximum strains upon the me- 
chanism are far less in the compound than 
in the ordinary engine, the quantity of met- 
al required to resist the strains is of course 
proportionately less. Taking into consider- 
ation the reservoirs and the additional spare 
gear—no inconsiderable item—required 
with the compound engine, we should not 
expect much difference between the weights 
of well-designed engines of the two types 
working at 60 lbs. pressure when the same 
capacity for expansion is given. 

Notwithstanding the recommendation of 
the Committee, the Admiralty appears to be 
wisely inclined to give both forms of engine 
a fair trial (so far with the result we have 
already stated), and we have no doubt the 
question will be well weighed by the able 


chiefs of the Comptroller’s Department. 
The extensive division of the hull of the 
ship into water-tight compartments, which 
appears to be the most feasible method of 
guarding against the effects of under-water 
attack, seriously affects the arrangement of 


the machinery. When it is considered that 
in most cases about two-thirds of the sub- 
merged area of the skin of the ship exposed 
to attack covers the engine and boiler com- 
partments, containing a delicate system of 
mechanism upon whose sustained efficiency 
in action the very life of the ship depends 
under the modern conditions of naval war- 
fare, it will be seen how important it is that 
these compartments should be extensively 
subdivided, with the object of preventing, if 
possible, the disablement of the means of 
propulsion. 

So far as the boiler compartments are 
concerned, there can be no great difficulty 
in this respect with any of the ordinary 
forms of boiler, and we think the “ tu- 
bulous ” type would not only offer further 
facilities for the subdivison of the compart- 
ments, but, as already pointed out, a better 
form of furnace could probably be obtained, 
and if combined with a forced draught, a 
considerable reduction in the boiler space 
might be expected. 
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In ships where the protection given by 
the armor admits of part of the engines 
being brought above the water-line, vertical 
or inclined engines can generally be intro- 
duced, and these readily admit of protecting 
water-tight compartments being provided. 
Twin screws still further facilitate the sub- 
division, and, with the engines vertical, give 
a short engine-room, a thing otherwise very 
difficult of attainment on account of the 
great capacity of cylinder required with the 
modern high-pressure expansive engine. 
The difficulties from this source are proba- 
bly greatest in unarmored vessels where 
great power is required with a single screw, 
and we can easily understand the objection 
of the professional advisers of the Admiral- 
ty to adopting compound engines for the 
Blonde on the score of the size of cylin- 
der required alone. This ship is an un- 
armored frigate of the Inconstant class, 
with a single screw, and according to evi- 
dence given before the Committee on De- 
signs her horse-power is to be 7,500 
indicated. In order to bring them below 
the water-line the engines must be horizon- 
tal, and to give the same capacity for ex- 
pansion as the Goshawk’s, for example, 
the cylinders would require to be of im- 
practicable dimensions if the engine were 
made with two cylinders only. Taking the 
speed of piston at 600 ft. per min., and the 
volume swept per indicated horse-power at 
17 cubic ft., the high-pressure cylinder 
would require to be & ft. 3 in. in diameter 
and the low-pressure one 14 ft. 3 in. Any 
attempt to obtain cylinders of manageable 
size by giving a higher velocity of piston 
would involve serious loss of efficiency with 
any known form of screw, and, as pointed 
out by Mr. Wright in his evidence before 
the Committee on Designs, four cylinders 
would in fact be required in order to give 
a practicable arrangement. 

In a ship of this description, with the 
machinery so much exposed to projectiles, 
we should be inclined to divide the cylinder 
capacity between two pairs of simple ex- 
pansive engines, with parts interchangeable, 
even at the risk of loss in point of economy 
of fuel; and an arrangement might then 
be adopted which would greatly diminish 
the risk of disablement of the engines in 
action, and would add to the safety of the 
ship, by giving two compartments of reason- 
able size instead of a single one of objection- 
able length. One pair of engines could be 
placed abaft the boiler-rooms as usual, and 
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the other pair between the forward and | injury. A similar arrangement might be 
after boiter-rooms. Accidents to the forward | carried out with twin screws. 

engines, or the flooding of that compart-| The protection obtained by providing 
ment, would not affect the after engines, | partial armor, as in the Russian cruisers 
but serious injury to the after pair alone | referred to in an article in our last number, 


would involve the risk of total disablement. | gives many advantages so far as the ma- 


The probabilities are, however, in favor of | chinery is concerned ; and we think it is 
the connection between the propeller and | quite possible, by a judicious arrangement 
the forward engines remaining intact, as a | of the whole of the machinery, to make a 
shaft of the large size required in this case, | ship of this class (provided with the tor- 
placed in the position it would occupy, | pedo) a formidable antagonist for a com- 
would stand a good chance of escaping fatal | pletely-protected iron-clad. 





° 


LARGE ROOF COVERINGS. 


From “The Engineer.” 


We once knew a respectable and trusted 
septuagenarian civil engineer, always deem- 
ed “a safe man,” and who had risen from 
the ranks under Telford, and who had in 
the course of years collected a large bound- 
up folio of designs of all sorts taken from 
executed works, chiefly of Telford and of 
John Rennie. Whenever he was called 
upon for a design, out came this folio Bible 
—the appropriate engineering text was 
looked out, and Mr. Blank soon came forth 
for, as it might be, a set of dock cranes, 
with designs line for line as the magister 
had designed them nearly fifty years before. 

It was conveniently safe practice, for had 
not all these designs been seen to answer 
their purpose? and it saved a vast deal of 
trouble and all calculation, which might 
have proved difficult. But it was often ex- 
pensive to Mr. Blank’s clients, and some- 
times struck the younger and outside world 
as being “behind time”’—as when John 
Rennie’s cast-iron crane jibs, or those of 
Telford, with tensile and strut members of 
such jibs all framed in oak, made their ap- 
pearance after the post wrought-iron epoch 
of engineering had set in. This sort of 
engineering, according to sample merely, 
has, happily, nearly or quite died out, but it 
holds its sway very much amongst the pro- 
fessors of the elder sister art of architec- 
ture. 


“Precedent,” often ill understood as to 


what it really means, there rules supreme | 
amongst the more mediocre men at least of | | of Canterbury Cathedral ? 
“Behold the old | tially burnt, it is but too probable that the 


that noble profession. 
paths, walk ye in them,” is very generally | 
as much the creed of the church architect | 


as of those who are supposed to teach under | 
and lead cover were deemed the proper 


the roof he has reared. 





“ Art”—properly so called—fine art—is, 
except indirectly or occasionally, outside 
our proper province; we shall not, there- 
fore, enlarge upon the true scope and uses 
of “ precedent,” for which we may refer our 
readers to the lucid views of Viollet le Duc, 
who, in the noble article “Constructions,” in 
his great “ Dictionnaire de |’Architecture,” 
has well pointed out the difference between 
that slavish imitation of ancient methodsand 
forms, because they are ancient, which is in 
all nations and times a mark of the decay 
of art, and intelligent reasoning out which 
evolves its design with a full knowledge and 
feeling for the old, but with a clear and 
logical perception of the materials, the me- 
thods, the uses and intentions of the new. 
It was this intelligent reasoning out of their 
designs in view at once of the past, of the 
aim and uses of the edifice, of the materials, 
the skill of the workman, and all other 
concrete conditions as well, and not a mere 
construction by “recipe,” that, as Viollet 
le Duc has shown, really characterized the 
architects, whether lay or cleric, of the 
middle ages, whose greatest works in cha- 
teaux, town halls, abbeys, or cathedrals, still 
satisfy the cultured man with the sense of 
united fitness, — grandeur, and dura- 
bility. 

We have been led to these remarks, as 
the question has risen in our minds, What 
is likely to be the method of restoration to 
be adopted as to the partially burnt-off roof 
Being but par- 


economic consideration of utilizing what re- 
mains may come to the help of blind pre- 
cedent in deciding that, as heavy timbering 
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thing when the cathedral was originally 
roofed, so it ought to be and shall be the 
right thing still; and so the new roof shall 
be as combustible and as constantly after a 
while needing expensive and dangerous re- 
pairs as that which has in part perished. 
Now, we might quote the very words of 
Viollet le Duc—the greatest, most practical, 
and most cultivated of medizeval architects 
—in our support when we affirm that if the 
architects of the eleventh to the fifteenth 
centuries had had iron at their command in 
the facile forms and abundance that we 
have, they never would have designed a 
timber-framed roof; and we do hope that 
those with whom the decision at Canterbury 
may rest may determine upon sweeping 


away what remains of the partly burnt | 


timber roofing, and replace the whole with 
a well-designed roof-frame in wrought-iron. 

This is what actually was done with the 
fine Cathedral of Chartres, in France, after 
the ancient roof was burnt in 1835, if we 
remember rightly. 
question of covering for such a roof placed 
upon a Gothic cathedral, and upon this 
point, which has far wider relations, and 
ought not to be without its instructive les- 
sons to the engineer as well as the architect, 
we purpose offering some remarks. The 
iron framing for such roofs should be de- 
signed upon a widely different type from 
that admissible or best for the exposed and 
visible skeleton of roofing, often of vast 
span, for railway stations, markets, exhibi- 
tion buildings, etc.; in all these the cover- 
ing material is light, and a large amount of 
elasticity, or even flexure and spread in the 
structure are allowable. The iron frame 
over the light and adventurous stone groin- 
ing of a cathedral must neither grip the 
walls nor tend to spread them. It must so 


rest upon the walls as to accommodate it- | 


self to gutter, parapet, and pinnacle, and 
its arrangement of internal parts must be 
such as to allow the freest possible space 
and passage from end to end over the groin- 
ing, nowhere to be touched by iron; and, for 
reasons chiefly connected with the covering, 
the frame must be very rigid, and yet its 
rigidity not obtained by ponderous scant- 
lings and lavish expenditure of material, 
but rather by the just and mechanical dis- 
position and combination of its parts. 

The designs for the iron roofing of the 
Houses of Parliament, by the late Sir 
Charles Barry, architect, combined several 
of these conditions; and though the frame 


But then comes the | 


is overloaded with material—even consider- 
ing the very heavy metallic covering—these 
roofs would have presented a very favorable 
adaptation of new material to Tudor archi- 
tecture had they not been marred by the 
unfortunate application of plates of galva- 
nized cast iron for the covering. That adop- 
tion was the result of imperfect knowledge 
of the minuter chemical and physical prop- 
erties of the material which is often as 
disastrous as absolute ignorance. Sir 
Charles Barry was satisfied with the com- 
mon loose dictum—which even still we hear 
every now and then repeated by engineers 
and architects, though based upon nothing 
but imperfect observation—that cast-iron 
rusts much more slowly than does wrought 
iron, and he had great confidence in the fact 
at that time much-vaunted and well “ certi- 
ficated,” of invulnerability of fgalvanized 
iron when exposed to the corrosive agency 
of air and moisture. Of three capital facts 
he seems to have no knowledge :—(1.) That 
the air, rain, dew, and fog of our coal-burn- 
ing cities act very differently, and with 
much greater intensity upon iron—whether 
cast or wrought—than do the air and 
precipitations of extra civic places. (2.) 
That galvanization (zincking) can produce 
but the most imperfectly continuous coating 
upon cast iron; that all iron corrodes un- 
equally, or by “ pitting,” cast iron especially, 
|and that the latter is so heterogeneous a 
| compound as to initiate its own corrosion, 
|—so that a thick plate may rapidly eat into 
| holes at places, while its general surface is 
little affected. (3.) That galvanizing, even 
|when perfectly done—as it only can be 
| upon wrought iron—presents but the most 
| ephemeral resistance to corrosion when im- 
| mersed in water, or when freely exposed to 
air and moisture of coal-burning cities. 

The result on the Houses of Parliament 
has been that the thick covering plates of 
| galvanized cast iron were rusty and eating 
|into holes within four or five years after 
their being laid; and a foreign chemist— 
armed, it was rumored, by some occult 
patronage of the late Prince Albert—was 
brought in to doctor them with “ Zopissa’s” 
and “granitic paints,” which, we believe, 
have proved in this case neither better nor 
worse than the imperfect cover given by 
inferior oil paints, which have resulted in 
| providing the satisfactory privilege to the 
| scientific inventor, of having a monopoly in 
| making the outside of the platter and cup 
|clean to the public eye by about an annual 
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coat of paint upon the vast surface of those 
roofs, the local corrosion of which is going 
on beneath nevertheless. 

Let us, therefore, put any covering of 
cast or wrought iron plates—galvanized or 
not—out of the record for roofing of future 
city or town public buildings. We make 
no exception, either of the “‘ Lavenant” or 
other enamelled iron; for, although that 
thin, glassy covering is unquestionably re- 
sistant of corrosion, even in coal-smoke- 
loaded air, surfaces so treated will not bear 
walking over, or being exposed to scratches 
or rubbing of any sort, without loss of their 
protection. Then, as to lead, we must equal- 
ly repudiate it, though for a different 
reason. It must be laid upon a continuous 
surface of support. We cannot lay it upon 
any open system of rafter and purlin of 
iron; we must “ sheet” over these; and no 
material suitable for such sheeting is to be 
found except the old timber boarding ; and 


this alone remaining combustible upon an 
iron-framed roof, the latter would be much 
less likely to be destroyed by fire than if the 
frame were timber also; still the whole 
structure would not be, as it ought, as per- 
fectly incombustible as the stone groining 


beneath. 

The lead on Chartres Cathedral was laid 
in breadths of only about 2 ft. wide between 
the “‘ rolleaps,” each sheet being about 5 ft. 
long, and in thickness about 6 millimetres, 
or nearly }in. Thus, well laid and so thick, 
there were considerable surfaces that had 
been laid in the thirteenth century, and still 
prior to 1835, free from crack or defect. 
This, however, is an extreme case, and does 
not influence what we adduced in a previous 
impression as to the constant necessity for 
patching lead roofing. 

Pure and well-manufactured metallic zine 
in rolled sheets, such as are produced so 
largely in Silesia and in Belgium, stands in 
a very different category from that of gal- 
vanized iron as a covering. In an atmos- 
phere reasonably free from coal-smoke it is 
extremely durable, and it even resists toler- 
ably the saline atmosphere of the sea-shore. 
It is not rapidly acted upon by smoke-laden 
air, but yet it is acted on, and hence can 
only with hesitation (notwithstanding some 
important decisions to the contrary on the 
Continent, which have so far justified them- 
selves) be recommended for cathedral or 
other important roofing. It possesses, on 
the other hand, great structural and artistic 
advantages. It can be laid upon open iron 








roof framing without any sheeting beneath, 
and when properly laid it never ‘“ cracks” 
nor needs repair as lead does. It is not 
deteriorated by the rough contact of ladders 
or boot-soles. It lends itself—through its 
greatsoftness and mouldability when heated 
to about 300 deg. Fahr.—to the production 
of the boldest as well as the most delicate 
or complex artistic forms of the architect ; 
and hence is a precious material for the 
production of enriched dormers or roof-lights, 
ridge or gable crests, finials, etc., as may be 
seen in multiplied instances in Berlin and 
many other cities of Germany and Belgium, 
the sky-lines of which are, thanks to this 
material, often very good and striking. 

It has been alleged of zine that in the 
high temperature and powerful currents of 
air, of prolonged or serious conflagrations, 
the metal itself takes fire and separates into 
flying flakes of incandescent metal. That 
the great affinity of zinc for oxygen at or 
above a red heat may produce this result is 
certain; but we believe the instances as 
connected with roofing have been very 
rare and exceptional, and the evil results 
exaggerated, if not imaginary. Zine will 
not burn at all unless the source of heat to 
which it is exposed be kept up. If a com- 
bustible roof be burnt, fire-brands must fly 
about, and it matters not whether they be 
of wood and charcoal or of zine. But, laid 
on iron, it is certain that there is nothing 
either to set the zine on fire, or, if on fire, 
to keep up that which soon goes out of its 
own accord. Although we prefer for all 
important roofs still more imperishable ma- 
terials, we think, for the above reasons, that 
pure sheet zine, in ample thickness, is well 
worthy the consideration of and much wider 
employment by the British architect and 
engineer. 

It is highly probable that the existing 
dangerous lead-covered and timber-framed 
outer dome of St. Paul’s might be removed, 
and a new iron frame to the dome covered 
over with zine substituted, for not very 
much more than the value of the old ma- 
terials, especially the enormous mass of 
lead, thickly plastered over with the solder- 
ings of six generations. The zinc would 
keep its beautiful grey tone of color per- 
manently, and not present the sooty black- 
ness of the existing lead. 

We must pass on from zinc, however, to 
split-slates, now our almost universal roof- 
covering. So far as durability and staunch- 
ness, coupled with a considerable power of 
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resistance to disintegration by fire, go, per- | the French and German church builders 


haps no material can excel common slate 
naturally of good quality. In some of the 
roofing slate districts of the Continent, as in 
the Ardennes, about Angers, etc., examples 
exist of its use dating from the twelfth 
century, and it is known to have been em- 


fore. Probably no more permanent and 
safe roof can be devised than one of good 
Welsh “Ton” slates laid on iron framing, 
tied on with plaited copper wire, and close 
rendered with good mortar or cement at 
the under side. 

The incurable defect of split-slate roofing, 
as applied to buildings of an artistic and 
important character, however, is the bald- 
ness and unimpressive character of its sur- 
face. The ingenuity and skill of generations 
of architects and of slaters have been ex- 
pended in vain in trying to remedy this. 
In the slate regions of France and Germany 


fantastic 


soon found that the case was very different 
in their climates, and hence they adopted the 
excellent expedient of separating the cover- 
ing of flagstones from their arches or groin- 
ing beneath, by supporting the former on 


| stone purlins laid across and bedded into 
ployed in the preceding century, if not be- 


slender spandrel arches sprung above the 
groining, so that a free passage for air, and 
also for examination and repairs, was left 
between. They also chiselled the flags, 
hollowing their upper surfaces so as to run 
the water falling on them rapidly off tow- 


ards the centre of each width, and giving 


raised edges, which were covered by stone 
roll caps, or by other expedients like the old 
Greek or Roman tiling. 

Thus arose those admirable roofs known 
in France as “ lallayze,” of whicl 
in France as “ en dullage,” of which one 


| most instructive example to both engineer 
| and architect may be seen in those of the 
| clere-story roofs of Notre Dame at Paris. 
split slating can be seen cut into all sorts of | 


forms—scale-shaped, scolloped, | 


laid in diagonal courses, laid diamond | 
ways, and in a hundred other shapes and | 
|orly into various designs, more or less, 

In our own country and time our archi- | 
tects have tried the combination of different | 
colored slates, such as of the rich blue | 


ways. 


Welsh slate with the green of Delabole, etc.; 
but the failure of all these methods to re- 
move the bald monotony of a surface made 
up of plates so thin and with such splinter- 
ed and thinned oif edges as to refuse to 
give any relief by shadow, proves that the 


we call “slating.” 

The most permanent as well as cheapest 
and simplest roofs in the world have been 
those of the Greek and Roman architects, 
composed wholly, like that of the Pantheon, 


of brick and stone—simply a huge mass of 


rubble masonry, carried by arch or dome, 
and externally covered by slabs of stone or 
flagging. ; 

The early church builders employed this, 
but soon found out that unless the covering 
flagging was impermeable to capillary 
moisture, as well as the joints water-tight, 
the whole mass of masonry got gradually 
saturated with moisture, and ceilings below 
were injured. The method did well enough 
perhaps for a climate blessed with a long 
dry season and a fine sun all the year, but 


The “ dalls” being hand-wrought, must 
have been expensive ; but they were, if of 
good stone, é.e., if not absorbent of water, 
imperishable. They were wrought exteri- 


however, subservient primarily to their use 
as water-tight coverings, and those com- 
bining the finest play of light and shade 


| and repetition of beauty in form, produced, 
| . . 
| as may bestill seen in several cases, the very 


} 
| 
evil is radical, and no more incongruous or | deny. 
degrading character of roof covering could | brick and Portland cement, with the ex- 
perhaps be placed upon a grand and ornate | trados filled up to the line of the roof pitch 
Gothic church or cathedral than one of what | or surface, and crossed at short intervals by 





| suitably formed “ dalis,’ : 
|in Welsh or Irish sawn slate, that shall 


noblest architectural effects. 

That we might still roof our cathedrals 
without the use of an ounce of metal of any 
sort, no practical constructor probably will 
Very light spandrel ogival arches in 


purlin bars of sawn Welsh slate, could be 
covered in at once with sawn slate, “ duils,” 
rolls, and ridge caps. 

Sut with our existing mechanical and 
other resources we can do still better. We 
may cover a stiff iron-framed roof with 
’ machine-wrought 


possess all the beauty and character of the 
ancient examples. 

Slate slabs of 5 ft. or 6 ft. long, by, per- 
haps, half that in width, of say, 1} in. in 
thickness, could be at a cheap rate hollowed 
down by revolving cutters, so as to leave 
the needful raised edges round the sides and 
ends at whichever surface of the slab re- 
quired, and raised or incised ornaments 
might thus be produced at the same time in 
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endless variety on the exposed surfaces. 
When finished the average weight of the 
slab would be only about that of an equal 
surface of, say, 7 in. to 1 in. in thick- 
ness, and such slabs would remain steady 
in place in the highest winds by their own 
weight. 

We suggest this not only to our architects, 
but to those interested in our great slate 
industry, to whom it would rapidly give a 
new and lucrative branch of trade; for such 
machine-made slate “dalls,” or tiles, as 


perhaps we might call them, would soon be | 
valued by the architect and builder for the | 


roofs of many other classes of buildings as 
well as ecclesiastical ones. The color or tint 
of slate, whether blue or green, is not liable 
to much objection, and here we should ob- 
tain what slating wants—fine play of sur- 
face lights and well cut shadows. The 
reference to color, however, suggests to us 
that in the existing state of our ceramic arts, 
flat glazed tiles, quite as large as “ dall” 
slabs, could be readily produced by our 
potters were the demand for some of them 
once assured. The giving a light—white, 
grey, or buff—surface color to large tile 
slates, such as we refer to, by means of a 
surface opaque enamel burnt on, has never, 
we believe, yet been done, and that is stili 


ROADS OR 


At the present time, when both iron and 
coal have reached unprecedented prices, the 
construction and maintenance of railways 
which are essentially dependent upon these 
two materials for their existence and utility, 
become a subject of serious consideration. 
It is not, however, at home, where both coal 
and iron can be obtained, but abroad, where 
they cannot, that the question becomes in- 
vested with the greatest amount of interest. 
But even at home the significant fact cannot 
be overlooked, that a contract has been re- 
cently entered into with a French company 
to deliver at an English port 250,000 tons 
of coal. The instances to which we espe- 
cially allude in connection with our subject 
are those which concern the future pros- 
pects of countries in which either coal and 
iron do not naturally exist, or have hitherto 
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needed to enable a tile-slate roof of great 
dimefsions to be produced with the full 
beauty of which it is susceptible. 

In Southern Italy, the former kingdom of 
Naples, and in Sicily, roof coverings of great 
beauty are seen upon ancient churches and 
monasteries, formed wholly of parti-colored 
glazed tiles—white, black, yellow, blue, 
brown, etc., laid in various patterns. There 
under a brilliant sun, and on a scale not too 
large, the effect is often very charming. But 

'too much or too bright colors do not suit 
our dull climate or buildings, nor very large 
roofs. On buildings of great magnitude, 
ecclesiastical or not, or in whatever style, 
in which the roof properly forms an impor- 
tant feature in the general effect, the ma- 
‘terial of the roof covering will best be of 
‘light but neutral—at least not too boldly 
| pronounced—color, that shall harmonize 
with the prevailing tint of the building itself, 
carrying the eye upwards to the sky-line 
‘ above. 

We believe that all the aims, then, struc- 
tural and esthetic, of the higher class of 
roofing, may be fulfilled by wrought iron 
framing, covered in with machine-carved 
‘slabs of sawn slate, or with those formed 
/and decorated by the improved apparatus 
| and the decorative resources of the potter. 


RAILWAYS. 


From ‘The Engineer.”’ 


| sirous of advancing in the path of civilization. 
One is to develop their own natural mineral 
resources, and the other to avail themselves 
of those of other nations. The former, 
in a perfectly new and unopened-up country, 
is a work of considerable time, and, more- 
over, cannot be carried out without the ex- 
istence of some routes of intercommunica- 
tion. The latter is a question of expense, 
and depends also upon the condition the 
country is in with respect to roads. It is 
not too much to assert that the cost of the 
freight of coal and iron in a country in 
which scarcely any except “bridle” roads 
exist, practically prohibits the introduction 
of these valuable materials. The construc- 
tion of railways in a country so situated 





evidently becomes undesirable from several 
points of view. In the first place, their cost 


remained undisturbed in the earth. LEvi- | would be enormous ; secondly, they are not 
dently there is one of two courses open to the | needed; and, thirdly, they would not pay. 
inhabitants of such countries if they-are de-! Railways cannot feed themselves, as our 
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Indian experience has taught us. To come 
near home, let us take a country similar to 
Greece, in which bridle-roads are numerous, 
and high roads very few and far between. 
It is true that the cost of freight to Patras 
or any other port is not of a prohibitory 
character, but the transport of materials in 
the interior of the country would, indepen- 
dently of the cost, be in many cases abso- 
lutely impr icticable. The same statement 
holds good with double force for many States 
in South America, and, in fact, for numer- 
ous countries over the whole face of the 
globe, which are possessed of immense 
mineral wealth, but totally unprovided with 
the means of procuring it, and transporting 
it, and rendering it generally productive and 
beneficial to the inhabitants themselves and 
the rest of the world. It is idle to talk of 





establishing railways in countries so entirely 

destitute of all routes of communication. | 
Roads are the necessity ; goodcommon roads | 
well drained, well metalled, or with a hard | 
top surface of some sort, laid upon a sound | 


solid substratum. Whether in the laying | 


out of these primary roads it would be ad- 
visable to take into consideration the pos- 
sible subsequent conversion of them into 
railroads,is a matter which must depend upon 


the local features of the country, and the 
circumstances attendant upon each particu- 
lar case. As a rule we should be inclined 
to advise that the two ideas be not jumbled 
up together. Let the road be laid out and 
constructed for the exact purpose for which 
it is intended. Alterations and conversions 
are at the best but makeshifts, and seldom 
afford that complete satisfaction which re- 
sults from works which are intact in unity 
of design and execution. 

Imitation is not always judicious. It is 
frequently very unwise to adopt in one in- 
stance a conclusion that has been arrived 
at in another, unless the premises in both 
cases are precisely identical. It would be 
well if this were borne in mind by those 
who advocate in a reckless manner the in- 
troduction of railways in wild and undevel- 
oped countries in which there is not a single 
road, in the most literal signification of the 
term. The advantages that we ourselves 
enjoy from a regular system of internal 
railway communication cannot be trans- 
ferred instantaneously to another country 
which is totally destitute of that other and 
almost equally important means of trans- 
port, ordinary roads. Those who maintain 
that they can, must either be wilfully or 





lof external intercommunication. 


ignorantly blind to the fact that before a 
foot of railway was laid down in England, 
there existed a complete network of high 
roads throughout the whole land. Our 
turnpike roads can compare with any in the 
world, both with respect to dimensions, 
condition, and general contours. Before 
the railways in England were constructed, 
the feeders in the shape of roads were ready 
to supply them. Ina word, the roads were 
made first and the railways afterwards, and 
although this was a purely fortuitous 
sequence, yet experience has since demon- 
strated thatiit is the proper course to pursue, 
the correct order of events, in all new coun- 
tries. To everyrule belong exceptions, and 
there are some exceptions to the one we 
have laid down. It is quite possible that 
the construction of a railway in a new 
country may be of greater importance than 
that of an ordinary road. The line from 
New York to San Francisco is an excellent 
example in point. But upon a little reflec- 
tion it will be seen that this great continen- 
tal line is not so much a route of internal as 
It is, in 
fact, a national highway. It unites the 
shores of the Atlautie with the coast of the 
Pacific, and is now the principal connecting 
link between Western civilization and Ori- 
ental barbarism. Lines of railway similar 
to this are sui generis, and owe their origin 
not so much to the necessities of the district 
through which they pass as to the demands 
made for their construction by the wants 
and wishes of the world at large. There is 
no doubt that the Central Pacific line will 
ultimately prove of immense benefit in 
opening up the internal resources of the 
States; but until feeders and branch lines 
are established its utility will be chiefly 
confined to the purpose which really dic- 
tated its formation. 

It will be admitted that in far distant 
lands where the transport of materials into 
the interior becomes impracticable when 
any separate portion exceeds in weight the 
tenth part of a ton, it is of the greatest 
possible advantage that those which are 
necessary for the construction of any engi- 
neering or architectural work should be 
found in the country itself. It is true that 
there are many varieties of roads, and in 
this respect there is a similarity between 
them and railways. There are unquestion- 
ably numerous gradations included between 
the corduroy lines in parts of the far West, 
and the permanent way of the London and 
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North-Western Railway. The same di- 
versity will be apparent between the open 
path or track, only distinguishable by trees 
that have been “ blazed,” or by the wheel 
ruts of passing vehicles, and the modern 
boulevard extending from Westminster to 
Blackfriars. The three essentials—timber, 
earth, and stone—necessary for the con- 
struction of common roads can be found in 
every country, and frequently along the 
line of route itself, or in close proximity to 
it. The value of this consideration cannot 
be overestimated, especially in the case of 
the inland territories of some of the large 
continents. In some of these the cost of 
the freight alone for a single ton of goods 
from an English port would reach £40. It 
is evidently, therefore, of the utmost impor- 
tance to be able to open up a country placed 
in this unfortunate position, with such means 
as are to be procured from the land itself, 
the quarries, and the forest. In a new, 
undeveloped, and perhaps but partially ex- 
plored country, the first cost of work is 
everything, and the skill and practical man- 
agement of the engineer are best displayed 
in availing himselt of the two cheapest re- 
sources at his command. These are raw 
materials and unskilled labor. The farther, 
to use a familiar phrase, he can make these 
“go,” the greater reduction he will effect in 
the first cost of the work. This item will 
evidently vary with the width of the road, 
although the character of its formation will 
have also some influence upon it. In India 
—where roads are the urgent want, in spite 
of the railways which have been made 
there—the roads are divided into four 
classes—first, second, third, and fourth. Of 
these four, two, viz, the first and the fourth, 
may be omitted from our category, inasmuch 
as the former is of too expensive a character, 
and in excess of the requirements of a 
country such as South America or Australia. 
Especial cases may arise where circumstan- 
ces might warrant the adoption of a first- 
class road, as, for example, when it was to 
serve as a main artery to which a large 
number of secondary or branch roads con- 
verged. As the principal commercial outlet 
of a country, its construction would be a 
matter of consideration in which the chief 
points to be attended to would be the amount 
of the traffic to be accommodated and the 
national finances. The roads included un- 
der the fourth class are neither drained nor 
metalled, and are little better than a mere 
track roughly levelled and cleared, and 





being unprovided with bridges or culverts 
are consequently impassable at certain 
points during times of flood and in the 
winter season. They are in fact nothing 
more than third-class roads in their prelim- 
inary stage. The difference between a 
second and third-class road consists in their 
respective widths, the depths of metalling 
and substratum, and the dimensions of the 
bridges and drains. It is evident that the 
latter must depend almost entirely upon the 
physical character of the district through 
which the road passes. To whatever class 
the road may belong, with the exception of 
the fourth, the waterway which must be 
given to the culverts and bridges is alto- 
gether independent of the position it occu- 
pies in the scale of construction. It follows 
from this that a road might rank in the 
third class so far as its width and other 
dimensions were concerned, and yet belong 
to the second or first class with respect to the 
waterway of its drains, culverts, and under- 
bridges. 

While we admit the necessity of paying 
great attention to so important an item in 
all engineering works as the cost, we are 
not disposed to concur in the views of those 
who regard it as the only true test of merit. 
The proper axiom is efficiency first and cost 
afterwards, and neither must be unduly 
sacrificed to the other. In these days of 
cheese-paring and false economy, the cart 
is in this respect unfortunately often put 
before the horse, and the subsequent un- 
harnessing of the animal, and placing him 
in his correct position, frequently entails a 
greater expense than would have been re- 
quisite for the proper performance of the 
operation in the first instance. Notwith- 
standing that there are numerous thorough 
estimates of the cost of roads ineven and 
uneven grounds, it is impossible to adduce 
a rule which shall be generally applicable, 
or which can be regarded in any other light 
than that of an approximation. Each ex- 
ample has its own especial cireumstances 
and conditions, which cannot be ascertained 
without an actual survey of the district 
which is to be opened up for traffic. In 
some cases the land is obtained gratis, in 
others the materials can be procured on the 
same easy terms, and in others, again, both 
the land and materials are in the hands of 
the Government, and are delivered over free 
to the concessionaire, so that the expenses 
are limited to those of plant and labor. It 
is obvious that as one or more of these con- 
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ditions may obtain in any particular in- 
stance, no general rule can be laid down 
with regard to cost, omitting all consideration 
of the great influence which the physical 
features of the country exercise upon this 
item. 

There is one point in connection with our 
subject to which particular attention should 
be directed. It is the necessity for a careful 
and searching preliminary reconnaissance 
of the route to be selected for a road, com- 
bined with an accurate survey, and a close 
series of levels, both trial and complete. 
Railway engineers are very apt to consider 
that there is no need for the same accuracy 


with respect to the surveying, levelling, lay- 
ing out and designing of a road, as there is 
for similar operations when railways are 
concerned. This is a great error, and one 
that can be perceived to be so on reference 
to existing roads which have been so laid 
out as to involve a rise or fall of several 
hundred feet more than the total difference 
of level between their respective termini. Of 
this fact we may be certain: the more care 
and the more time that are reasonably spent 
in determining the directions and gradients 
of a road in a rough country, the cheaper 
the road will prove in construction and the 
better adapted it will be for its duty. 
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From ‘‘The Engineer.’ 


‘outlay of about £25. A great one involving 


It has been said that until a bishop is 
killed on some of our railways no effectual 
measures will be taken to prevent railway 
accidents. Whether the death of a digni- 
tary of the Church would be followed by a 
direct and immediate improvement in the 
working of our railway system will, we 
hope, long remain undecided. Yet it is 
possible that a bishop might be put to a 
worse use. ‘The questionable point is as to 
whether his death by railway violence would, 
indeed, insure a total exemption from rail- 
way accidents of the more important kind. 
While any uncertainty attends the question 
it would not be fair to expect a bishop to 
make a martyr of himself for the good of 
the community. It is not unlikely, how- 
ever, that a remedy less terrible may be 
found. It is probable that if railway com- 
panies could only be induced to look at the 
matter from a common-sense commercial 
stand-point, all the benefits would be ob- 
tained which it is proper to hope would be 


secured by the annihilation of a dignitary of | 


any kind. We are about to try to make it | 
clear to railway companies that it would be | 
directly to their interests to adopt means, 
ready to their hand, by which they might 
get rid of the worst class of accidents in 
working their lines. 

About 70 per cent. of all the so-called 
accidents which occur on British railways | 
must be classed under the head of collisions. 
It is impossible to have a collision without 
losing money. The experience of years has 
fully demonstrated the truth of this propo- | 
sition. A little collision may be had for an! 


| 
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considerable loss of life can scarcely be had 
at a less price than £20,000. We have no 
means of determining accurately what is 
the average cost of a collision, but we be- 
lieve that we shall not be far wrong if we 
estimate the direct loss to such a company 
as the London and North-Western at about 
£10 per mile per annum. This is meant to 
include all expenses, as well as those incur- 
red in effecting trifling repairs to engines 
and goods trucks, due to a small “ pitch in,” 
now and then, as the weightier matters of 
compensation, legal expenses, and doctors’ 
bills, proper to a heavy collision. An ex- 
penditure of from £10,000 to £30,000 a 
year on railway accidents, is nothing ab- 
normal, as the shareholders of not a few of 
our great lines know to their cost. Speak- 
ing after the dictates of plain common sense, 
is it not a puzzle that railway companies 
will not exert themselves to save this money ¢ 
We do not write like outsiders addressing 
the daily press in the “silly season;” on 
the contrary, we speak with a more or less 
intimate technical knowledge of what is and 
what is not practicable in railway working 
and railway management; and in the full 
light of this knowledge we assert that colli- 
sions might be rendered exceedingly rare 
if railway companies and their engineers 
would only take the trouble to avoid them. 


| To make ourmeaning clear we must explain 


ourselves a little. There will always ve 
accidents on railways due to the negligence 
of passengers and railway servants. Men 
will insist on entering carriages in motion; 
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porters and guards will walk incautiously 
on crowded lines; axles will break; rails 
will give way, and trains will run down em- 
bankments and fall through bridges. Ail 
these accidents are in a sense beyond hu- 
man control, but they represent very minute 
loses to the railway companies as compared 
with those entailed by collisions, which, as 
railway men know, recur with a frequency 
undreamt of by the general public. It must 
be admitted, then, that by eliminating colli- 
sions from the list of casualties to which 
railway plant is subject, a very large pecu- 
niary saving would be effected on nearly 
every line in the kingdom. This much 
premised, let us inquire to what cause col- 
lisions may be properly attributed. Of 
course we shall be told that they are due to 
the negligence of signal-men or drivers, to 
fogs, to points acting badly or not at all, 
and so on. Now, we dismiss all these 
statements at one swoop. They carry no 
conviction—they do not touch the truth. 
All collisions, with the single exception 
supplied by wagons breaking away on an 
incline, result directly from the fact that a 
railway train running at speed cannot be 
stopped promptly. This is the gist of the 
whole matter. Signals, and telegraphs, 
and complicated instructions, are all ren- 
dered necessary because a driver cannot 
pull up an express train travelling at forty 
miles an hour in a hundred yards. There 
is no disputing the accuracy of this propo- 
sition. Noone ever yet heard of an in- 
stance in which many yards did not inter- 
vene between the trains when it was dis- 
covered that a collision was imminent. If 
only this space could be utilized in bringing 
the advancing train to rest, all danger would 
be at an end. If our readers accept this 
proposition as true—and they cannot elude 
it any more than they can combat in—then 
is half our work accomplished. We have 
made it plain that by conferring the power 
of stopping at will within a distance of 
about a hundred yards, collisions of the 
more serious kind, if not of every kind, 
would become matters of history only. They 
would have no regular existence—the 
vitality of the evil would be removed for- 
ever. 

Now, how has it come to pass that rail- 
way men generally completely ignore this 
great fact, and content themselves with 
providing such means of stopping trains as 
are afforded by the tender-brakes and those 
on a couple of guards’-vans—brakes so con- 





structed that they cannot, such as they are, 
be got into operation until time, every se- 
cond of which is worth from £10 to £100, 
has been wasted? It is very difficult to 
find an answer. No locomotive superinten- 
dent, so far as we are aware, has ever in- 
vented, or at least applied, a good continu- 
ous brake of his invention on the line under 
his charge. All the best brakes have been in- 
vented by outsiders, and, literally, forced on 
the companies. In this matter of brakes con- 
servatism has fairly run mad. In every 
other department of railway construction 
and working, daily improvements have 
been effected for the last thirty years; but 
the popular brake of to-day is identical in 
every respect with that used in the infancy 
of the Manchester and Birmingham line. 
Why this should be the case baffles us. 
The steady adherence of railway companies 
to an old and imperfect device can only be 
regarded as one of those psychological prob- 
lems which meet every thoughtful student 
of the social relations of life. It has been 
urged that the railway companies can get 
nothing better than the old brake. Even if 
this were true—and it is false—still the 
question would remain, why have they not 
tried ? and they have not. Again it is 
asserted that a really effectual brake would 
cost too much money. This can hardly be 
the reason, because we find companies 
spending money freely on costly signalling 
apparatus, rendered necessary solely because 
the trains have bad brakes, and the cost of 
one serious collision would pay for fitting 
up with efficient apparatus nearly every 
passenger train on a first-class line. The 
cause must be sought somewhere else, and 
we confess that we cannot find it, unless an 
apathy, which is almost criminal, results 
from the belief that what answered many 
years ago will do well enough now, and 
that a large expenditure for new brakes 
would be regarded as an illegitimate and 
unprecedented waste of funds, while dis- 
bursements on the score of collisions are 
regarded as strictly normal and legitimate 
expenditures proper to all railways, and as 
unvoidable as the income-tax collector. 

It is perfectly well-known that it forms 
no part of the policy of this journal to advo- 
cate the adoption of patented inventions. It 
is our policy, however, to advocate the adop- 
tion of substantial improvements in the arts 
of construction, whether they are or are not 
patented. It is without hesitation, there- 
fore, that we state our conviction that by 
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the adoption of such a brake as that re-| and all the resources of a manufacturing 


cently introduced into this country by Mr. | 
| United States. 


Westinghouse, collisions might cease to 
have any important existence. It is right | 
that we should explain why we single out | 
the Westinghouse from many other systems | 


establishment of great dimensions in the 
All the principal American 
lines use it already, or are adopting it. 
| Many hundreds of the little air-pumping 
/engines have been made. ‘The operation of 


of continuous brake, more or less efficient, | the brake is eminently satisfactory. Why 
which have been tested in this country. | should it not be adopted extensively in this 
The reason is this :—No locomotive super-| country ? We are not hard to please; we 
intendent or manager is justified in incur-| do not, be it understood, write to advocate 
ring a large expenditure on an unheard of | the adoption of the W estinghouse brake, 
or comparatively untried invention. We but we write to advocate, nay, to insist on 
know nothing of the existence of any other | the general adoption of a first-class con- 
form of continuous brake which has been} tinuous brake on our railways, no matter 
so extensively used as that we have named. | who is the inventor, and we cite the West- 
In their immediate effect all continuous | inghouse brake because it affords a direct 
brakes are pretty much the same, when once | and complete answer to those who argue 
the wheels are skidded. The difference that there is no good continuous brake in 
lies in the means by which the wheels are | existence, and that they will wait till one is 


skidded. 
very large body of engineers, that Mr. 


We believe, in common with a| invented and tested. We cut the ground 


from beneath these gentlemen at once, by 


Westinghouse has solved the problem of asserting that all that can be required is 


constructing a good continuous brake. Itis 
quite possible that a far better brake may 
be invented, but with this we have nothing 
todo. The Westinghouse brake has pass- 
ed far beyond the limits of the first stage. 
Its construction occupies hundreds of hands, 


provided ready to their hand. It remains 
to be seen whether among the multitude of 
our readers one can be found to argue that 
we have advanced a single statement which 
is contrary to truth, reason, and common 
sense. 


EAST AFRICAN RAILWAY EXPLORATION. 


From 


Physical geography, a science eminently 
practical, is devoid of one characteristic 
charm that belongs to well-nigh every other 
science-—it is not illimitable or interminable. 
Give a mathematician a piece of chalk, set 
him before a blackboard, and he might go 
on devising new combinations even to in- 
finity, if life could be so extended. It is 
the same with most other sciences than the 
one to which reference is made. Physical 
geography is so far from interminable or 
inexhaustible, that the Surface of a sphere 
some eight thousand miles across compre- 
hends it all. North and south in the high 
latitudes conterminous with either pole, 
there exist, indeed, two climatic belts, which 
by their extreme cold may ever interpose a 
barrier to geographical exploration, though 
even this limit is not taken by all physica! 
geographers as a matter of course. Mere 
heat of climate is no effective barrier to 
travel, and even unhealthiness is an impedi- 
ment which experience has proved to be in 
most cases remediable. Already physical 


“ The Engineer.” 


| geography gives signs of approaching its 


limits. ‘Travellers’ tales are not so startling 
as they used to be. Nothing about uni- 
corns, dragons, flying serpents—creatures 
that one may see depicted in many an 
ancient book of travel—not to mention the 
basilisk, which must of course have been 
found dead, as the animal would infallibly 
kill the rash individual who should look 
upon it living. A dead basilisk might have 
been found in the desert, but in what man- 
ner the Dutch traveller Foersch managed 
to obtain a sketch of the upas tree, as it 
figures in his volume, is less apparent. 
According to the reputable Dutchman, 
this very tree killed everything and every- 
body that approached it within twenty miles 
—and still he sketched it. Dragons, uni- 
corns, and flying serpents have long been 
confided to heralds’ keeping, and even the 
gorilla, which, as described by Mons. du 
Chaillu, somewhat revived the emotions of 
our youth on reading travellers’ tales, is 
now shorn of the terrors which environed 
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him, lowered to the insignificant grade of a | fault, there can be no communication be- 
big monkey, harming nobody, and so great | tween Livingstone’s riverain and the Albert 
a fool that, having built himself a house, |Nyanza. In point of fact, Livingstone 
he sits on the roof in a thunder-storm in- | himself expects no such solution of the prob- 
stead of getting under it. \lem. By a process of elimination he seems 

From an engineering point of view we can | to infer that, if the waters of his new river- 
only be expected to take a remote interest | ain do not reach the Nile through the 
in many of the questions which have been | Bahr el Gazal, they can form no part of 
mooted, and which are now with more zeal | the Nilotic system. Against this hypo- 
than courtesy debated in reference to the | thesis there would seem to be insuperable 
great_watercourses of South-Eastern Afri- | evidence, though of purport unknown to 
ca. Whether the Nile really begins by two | Livingstone. Now, both Petherick and 
head waters from the two equatorial lakes, | Captain Grant furnish testimony in respect 
Victoria Nyanza and Albert Nyanza respec- | to the Bahr el Gazal wholly irreconcilable 


tively, as was thought to have been definite- 
ly proved by Grant, Speke, and Baker, or 
whether, as Livingstone now believes, its 
origin is referable to head springs still far- 
ther south, is to all except systematic geog- 
raphers a matter of secondary importance. 
Contemplating the Nilotic riverain with 
reference to facilities of locomotion, the fact 
has been long since patent, that, owing to 
various impediments, there is no hope of 
establishing an effective Nilotic communica- 
tion from the two great lakes of Baker, 
Grant, and Speke, northward to the Medi- 
terranean. Whether Livingstone’s great 
river, the Lualaba, ,actually joins the Nile; 
whether it flows into some vast inland lake; 
or, lastly, whether it prove the head water 
system of the Congo, is a speculation of 
deep scientific interest, no doubt, but at the 
same time one of no practical importance. 
Regarded from an engineering point of view, 
one would rather it should turn out to join 
the Congo than the Nile, seeing that under 
the first eventuality a navigable water com- 
munication might be demonstrated to be 
practicable to the West Coast of Africa from 
the point of about 10 deg. south latitude, 
and uncertain longitude; but probably 10 
deg. west of the western limit of Lake Tan- 
ganyika. 

While disciaiming, as beyond our proper 
functions, any argument on the hydrograph- 
ical points which elicited such warmth of 
feeling—and, we are sorry to add, such dis- 
courtesy at Brighton—we may still be allow- 
ed to express an opinion. It seems, then, 
to us improbable that the river system de- 
scribed by Livingstone really does commu- 
nicate with the Nile. Mr. Stanley stated at 
Brighton that the Albert Nyanza has noth- 
ing to do with the Lualaba. That is proved, 
he stated, by the fact that between them 
exists the great lake Tanganyika; and ex- 
cept previous levellings are very much at 


| with Livingstone’s hypothesis. They re- 
present it to be a reed-embarrassed, slug- 
gish river, of far inferior dimensions to the 
Lualaba which, according to Livingstone, 
should be its effluent. 

However, all this is beside our mark. 
What we have in view is the commercial 
opening up of a rich and _ well-peopled 
region which geographers not so very long 
ago complacently assumed to be an un- 
productive desert. Dibdin in his autobio- 
graphy states that, although an indifferent 
painter, he was once called upon to depict 
a theatrical battle scene, and had to do it. 
He trembled at the task at first, but ended 
| by finding it easier than he expected. 
| Whenever uncertain as to form he painted 
smoke, and in this way he succeeded to the 
manager’s content, if not to his own. Map- 
makers, when laying down the African 
continent on their charts, were not so long 
ago in the habit of filling in blank spaces 
by desert sands. The dreary prospect has 
vanished now. The equatorial lake system 
of South-Eastern Africa has been so far ex- 
plored that a tolerably correct notion may 
be formed of its natural endowments. 

Nobody will accuse Dr. Livingstone of 
drawing on his imagination, or place him 
in the category of sensational travellers. 
So far from exaggerating the peculiarities 
of men or things he meets with in his 
travels, the good Doctor perhaps fails in 
the other extreme, wishing friends at home 
to believe that native Africans, instead of 
belonging to a race inferior, mentally and 
physically, to his own, are on terms of 
equality as to the first, and of superiority 
as to the second. It may be, as he affirms, 
that certain types of negro ladies—albeit, 
coffee-colored as to skin—could hold their 
own in presence of European belles, or it 
may be that Livingtone’s judgment on that 
point is warped through a too exclusive 














contemplation of one particular style of 
female beauty. Whether, again, in a com- 
parative show of negro aristocracy and of 
members of the Anthropological Society, 
our savants would come off second best, as 
Livingstone gives his readers to understand, 
is a question we hope more open to debate 
than the Doctor would wish us to be- 
lieve. Making allowance for this amiable 
tendency to think and speak the best of 
people he is thrown amongst, it still seems 
quite clear that the African races from 
amidst whom Livingstone writes, are by no 
means so debased a lot as, under the cir- 
cumstances, might have been expected. 
Individuals of a certain tribe do, indeed, 
eat men, but they would not seem to be 
vannibals in the same sense as were the 
Maoris, and as ave the New Caledonians. 
As regards these East African cannibals, 
the Doctor’s impression evidently is, that 
their cannibalism has some religicus or 
superstitious significance. Modified canni- 
balism notwithstanding, the Manyemas 
favorably compare with the highest amongst 
aboriginal races. It has been customary 
to look upon the North American Indian 
type as furnishing the best example of an 
aboriginal race for moral and intellectual 
endowments, but it would really seem that 
the Eastern African is higher in the posses- 
sion of most qualities that go to make up 
manhood. A favorable characteristic of the 
East African equatorial races is the tendency 
to form village communities, to effect clear- 
ances in forest wastes, to breed live stock, 
and cultivate a noinconsiderable amount and 
variety of garden produce. <A people that 
can boast of swine and goats, tame buffa- 
loes, and domestic fowls, must have already 
elevated themselves many degrees above 
primeeval barbarism, and further shown 
by the elevation a capacity for rising still 
higher. They extract iron and copper from 
the respective ores, and manufacture tools 
and utensils. Quite clear, then, is it that 
one has not to do either with a totally bar- 
barous or a wholly incompetent population. 

Ifthe native races of South-Eastern Africa 
are promising as to their endowments, what 
shall be said of the localities? A region 
where ivory is of so small local value that it 
lies in forests for rodents to sharpen their 
teeth against; where iron ores abound; 
whence copper may be drawn in illimitable 
quantities; where trees grow so dense as to 
veil the tropical sun rays—so high that a 
shot gun fails to bring down birds perched 
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| equivalent to more than a railroad run from 


| St. Sebastian to Alicante. 
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on the tops of them; where the climate 
even now is good, and if forest clearances 
were effected would be better—such tracts 
must be worthy of exploration, even in the 
interest of pounds, shillings, and pence, even 
did no such problem remain for solution as 
discovery of the Nilotic sources. Perhaps 
the best phase of the commercial aspect has 
been omitted from the preceding summary, 
viz., the appreciation in which calico and 
other Manchester goods are held by the 
natives. Calico, brass and copper orna- 
ments, beads—these articles seem to repre- 
sent the currency of the East African races. 
Perusing Livingstone’s late despatches with 
a map of Africa before one, it needs some 
concentration of thought to bring in evidence 
the difficulties which Livingstone has had 
to surmount, and other difficulties which 
still weigh heavily upon him. He appears 
to be somewhere about 500 miles from the 
coast—as the crow flies, notso much. Ona 
map of Africa the distance looks trifling, 
and, estimated by modern standards of 
travel in European countries, a trifle it is. 
Even in Europe, however, a traveller may 
come to conclude that the difficulty of travel 
bears no necessary relation to expanse 
passed over. Half a-dozen miles on mule- 
back in Spain is, for discomfort and fatigue, 


Is it over much 


| to hope that in these days of plethoric 





capital and ardent speculation a railroad 
may be promoted for throwing open 
Eastern Equetorial Africa? ‘The under- 
taking of such a scheme would of course 
depend on the answer given to the question 
whether it would pay. Capitalists would 
look coldly on any scheme for driving a rail- 
road into Africa from the east with the 
object of mere geographical exploration in 
view ; but demonstrate to them the feasi- 
bility of adequate returns on capital in- 
vested, and means would be forthcoming. 
In these days it may be quite true that 
most things are possible to the engineer 
who commands sufficient pecuniary means. 
The Suez Canal and the Mont Cenis Tunnel 
lend color to thestatement ; but still, wereita 
necessity thataline of railroad starting from 
the coast opposite Zanzibar and trending in- 
land, should need a Mont Cenis tunnel, capital 
might shrink from so great an expenditure 
on such a field. On the contrary, no physi- 
cal obstacle of importance would seem to 
exist. No mountain to be tunnelled, no 
important river or chasm to be bridged. 
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Nothing but a terrain moderately level, | amelioration, however, would follow as a 
and for the most part thickly wooded. | matter of course; indeed, even though the 
Sleepers might be obtained on the spot; | establishment of a railway failed to show 
only rails and rolling stock stock need be | prospects of such satisfactory return on 
imported. Fuel would be on the spot, too capital as we believe, it might still be worth 
—wood in abundance, and conceding that | while for philanthropists having the sup- 
wood would be inferior to coal or coke, yet itis | pression of slavery in view to look well 
competent to do good service. We may be | into the features of this project. 
one-sided as to our view of the scheme, but; In making this suggestion, we have not 
there is much to recommend it. So longas | taken into account any royal or territorial 
the old school-book teaching held credence | interest; but on this ground it would not 
about Central Africa being a waste of burn- | seem that much difficulty need be appre- 
ing sand, the problem of opening it up hended. Already there exists a certain 
offered no commercial incentive; but since tract opposite Zanzibar which owns allegi- 
modern geographical discovery has proved |ance to the British flag, and at which 
this vast continent to possess regions of | operations would have to be commenced. 
abundant fertility, a dense population, and The Sultan of Zanzibar, if alive to his own 
a not uncongenial climate, the commercial interests, would do his best to promote a 
features of the case have wholly changed. ‘scheme that by extending trade must 
Regarding the scheme from a point of, necessarily help to fill his exchequer ; and, 
view wholly commercial, no reference has lastly, the wealthy Banians—men who ap- 
been made to native amelioration, physical | pear sufficiently alive to the main chance— 
or intellectual ; to the diffusion of Christian- | might come to understand that their traffic 
ity, or, above all, abolition of the slave|in African flesh and blood being irre- 
trade, which seems to be characterized by | trievably doomed, the iron road, if made 
atrocities equal to any perpetrated on the | the most of, would secure to them a fair 
other side of the African continent. Such | indemnity. 





EXPERIMENTS WITH THE CAMERON STEAM PUMP. 
By M. H. TRESCA. 


Translated Abstract from ‘‘ Annales du Conservatoire.” 


At different times steam engines have; MM. Tangye, we have examined this ma- 
been constructed, in which the distribution | chine with reference to its economic re- 
of steam has been automatically made by | sults. The first disadvantage we find is 
the action of successive pressure upon at-! that it does not utilize the steam at full 
tachments to the slide valve. Cameron’s ' pressure, so that the results of this exami- 
pump consists of such an engine and of a| nation apply only to provisional or portable 
pump set with the same axis, so that the | machines. 
two have the same piston rod and stroke.| The dimensions of the pump were as 

By this arrangement all communication | follows: 





of motion to the pump or the fly-wheel is | piston stroke (2 feet English) ............. Om. ,6093 
avoided. The distribution is made in a, Diameter of steam cylinder (8in.1line) .. 0  .2065 
i ‘ ; a dis | Total piston-surface . ; . Oma. 0335 

1 § € . > ‘ Y Beeee See eeasesee seve 
rs mple yee. by means of catches disposed | Surface of piston without red ............. 0 0329 
in the top plates of the steam cylinder. | Mean surface under action of steam .... . 0 .3332 
These act on valves which are shut by the | Stroke of pump _ | Or Om. 008 
: 7 . ? 2 iameter of pump piston................. 0 .152¢ 
action of the steam cutting off all commu | Total surface of pump piston .............. Oma. 0182 
nication. Surface without TOd........0.ccccccecccee 0 .0176 
Toward the end of each course the pis- | Mean surface...... .............eeeeeeeee 0 0179 
Pp eee 10? 909 


ton pushes back one of these catches, and | 

the steam then acts upon a special piston | The apparatus was subjected to a num- 
in the slide box, which alternates the action | ber of experiments, with results as shown 
of the parts of admission and discharge.|in the following table. The water dis- 


3 ° ° e : | ° e 
An outside lever is used in starting, which | charged was gauged in reservoirs of great 


displaces the small shaft that carries the | capacity. The number of piston strokes 
two pistons, one at each end. | was registered by a meter, and a pressure 
At the request of the constructors, | indicator furnished diagrams of work done. 
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Eu. . | 
Number of Time 2 3 ss | Volume Wiest Per- | Height | Work in Work per 
experiments. A sez Fs measured. discharged. | centage.) raised. | water raised, second, 
As a”? | 
seconds, | me. me. m. km, } km. 
1 3700 =| 686.5 13.872 14.979 0 926 7.27 | 100849 | 27.24 
2 1720 | ~=647 13.872 14,117 | 0.982 7.28 | 100988 58.71 
3 1285 | 630 | 13,872 13.646 | 1,009 7 28 100988 | 78.59 
4 1180 | 643 13.978 14.029 | 0.996 13.35 | 186606 158.14 
5 1780 | 673 13.978 14.684 ; 0 951 13.35 | 186606 104.83 
6 5521 | 639.5 13.978 13 953 | 1.001 13.37 | 186886 35.79 
7 1471 650 13.872 14 182 0.981 10.36 | 143714 97 7 
8 2535 «=| #669 13.872 14 597 | 0.950 11,18 | 155158 61 20 
9 1648 628 13.376 13.702 | 0.976 430 | 57517 | 34.90 
10 1055 =| «(596 13.376 13.004 | 1.028 4,30 57517 | 54.51 
| 0.982 


This table shows a very satisfactory per- 
centage of effect, corresponding to 0.982 of 
the volume generated by the motion of the 
piston. The alternating action was very 
regular, and the slight shocks at dead 
point did not hinder the action of the 
valves. 

To appreciate the useful effect of the ma- 
chine we must take into account the work 
expended on the piston and the quantity of 
steam used. Our investigations refer only 
to the first point, and the results are given 
in the following table : 














S4|2 , es. aa 2 
- 5 as “= : 
Ss FA 52 ad = t= ot 
2 2) 2S E3 Ss | 2s 
5.2\/92 = = >= = = 
Zit ie =e * es g 
| a 
| | | j 
| at. ™/1? | at. } 
( 1} 4.70; 890) 
} 21} 5.00; 910 +e, ee = 
1} 31 5:30, 1050 $1-198 | 92.95 | 27.24 | 0.293 
, 4 | 5.10) 1040 | 
5 | 4.80) 1270), | 
2~ 6 | 4.75) 1230-1.497 | 235.30 | 58.71 | 0.249 
( 7 | 5.00 1390) | | 
( 8 | 4.85, 1540) 
3~ 9 | 4.80) 1480~- 1.707 | 349.71 | 78.59 | 0.224 
( 10 | 4.80) 1510) | | 
{ 11 | 4.90, 2130) | } 
4~ 12 | 5.00; 2090- 2.362 | 537.89 | 158.14 | 0.294 
( 13 | 4.80) 2080) 
( 14 | 4:70| 1770) | 
5< 15 | 5.00} 1930~ 2.177 | 343.91 | 104.83 | 0.304 
16 | 4.90) 1930) 
17 | 5.10| 1400 | 
64 4 eae aaa ri.841 | 94.17 | 35.79 | 0 380 
| 20 | 5.20) 1550} | 
r 9 d 56 
7S aoe desoe 2-803 | 330.70 | 97.70 | 0.295 
+3 5.00) 1410 | | | 
8~ 24 | 5.10) 1450- 1.838 | 202.71 | 61.29 | 0.301 
25 | 5.10 1420) | | 
26 | 5.10) 970) 
7 5 ¢ i | 
94 Fe 5:30, ooo t2-175 | 187.1 | 34.90 | 0.186 
t 29 | 5.10 960) | 
30 | 4.50 1060 | | } 
10 ~ 31 | 4.50 1070 - 1.264 | 298.47 | 54.51 | 0.182 
( 32 | 4.80 1140 | | 
| | 





| Itis seen that when the pressure in the 

boiler is constant, that transmitted to the 
| piston necessarily diminishes as the resist- 
/ances become less. The admission is good 
| when the orifice is free; but in case of 
stoppage there is a constant decrease of 
pressure during admission, and a con- 
stant increase of counter pressure during 
escape. 

For a height of water amounting to 
4m. 30 the theoretic pressure would be re- 
duced to 0.50 atmos., if the steam and 
water-piston have the same sectional area ; 
and with the actual sections it would be re- 
duced to 0.59 > 18 =0.27 atmos. above 
atmospheric pressure. 

We observe that the ratio of effective 
work to that expended on the piston varies, 
according to circumstances, from 0.182 to 
0.830, giving a mean of 0.27. As the low- 
est percentage was for the lowest of the 
reservoirs employed, we may assume a 
percentage of 0.30 per water raised 7 
metres. 

We conclude that an ordinary engine of 
small dimension gives about 0.75 of the 
work indicated; a pump attached would 
not realize more than 0.50. The two com- 
bined would give a percentage of 0.75 & 
0.50 = 0.575, or about a quarter more than 
the Cameron pump. 

Still the advantages of ease of setting up, 
and diminution of expense, might compen- 
sate in a case in which water is to be car- 
ried to a great height. But it must be re- 
membered that the steam is rapidly spent 

| in the long cylinder with its extensive cool- 

ing surface, so that this pump, however 
ingenious, cannot be employed in ordinary 
cases. Its use is limited to those cases in 
_ which there is an abundance of disposable 
steam, and when there is immediate need 
of a large quantity of water. In these 
cases it would be of service as an auxiliary 
‘machine. 
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METROLOGICAL REFORM. 


From the “‘ London Morning Journal,” 


The enormous advantages of the metric 
system as a substitute for those now in 
common use in England and America daily 
becomes more extensively understood, even 
by those who have no direct connection 
with import or export trade, and who take 
but a very small amount of interest in 
scientific literature, whether English or 
foreign. To assist in the diffusion of a 
knowledge of the benefits derivable from the 
unification of the weights and measures of 
countries trading with each other, another 
thousand copies of the revised edition of the 
very excellent address delivered before the 
recent Convocation of the University of the 
State of New York, by Dr. Fred. A. P. 
Barnard, President of Columbia College, 
New York City, has just been printed and 
issued (through Mr. Van Nostrand, of 
Murray street) by the Board of Trustees of 
the College. That the change which the 


introduction of the metric system in Eng- 
land and America would involve would cost 
some slight temporary inconvenience is not 


for a moment doubted; but as this incon- 
venience would be felt for a few weeks only, 
and as the subsequent benefit will be almost 
incalculable, it is felt that too much cannot 
be done to make the simplicity of the sys- 
tem intelligible to all classes, and to expose 
the fallacy of the objections which have 
from time to time been urged against it. 
The nature of the inconvenience to be over- 
come may be compared to that experienced 
upon his first visit to France by an English- 
man, who has always been accustomed to 
shillings and pence—he forgets that the 
franc is not divided duodecimally, and, 
therefore, if he spent 7 décimes he expects 
5 décimes as change of a franc. The diffi- 
culty, however, is overcome in a few days. 
The origin and nature of the metric sys- 
tem of weights and measures, which Dr. 
Barnard details in a preliminary chapter, is 
particularly interesting. It was one of the 
projects entertained by the Constituent As- 
sembly of France at the time when the 
Revolution had not yet passed into that san- 
guinary phase which but too soon succeeded, 
to engage the nations of Europe in a united 
effort to create for the common use of all a 
new metrological system founded upon 
standards determined with scientifie accur- 
acy, and constructed in its details according 





to a scientific method. The subsequent tur- 
moil prevented unity of action amongst the 
nations ; yet the metric system of weights 
and measures was devised—a system so 
nearly perfect that after a lapse of only 
three quarters of a century it has been 
adopted for use by more than half the in- 
habitants of the civilized world. In the 
International Commission, invited to Paris 
by the Government, were represented the 
Governments of France, Holland, Denmark, 
Sweden, Switzerland, Spain, Savoy, and the 
Roman Cisaipine and Ligurian republics, 
and the standard metre bar of platinum, 
which represents the linear base of the sys- 
tem, and the standard kilogramme weight, 
also of platinum, which represents the linear 
base of the system, were deposited in the 
Palace of the Archives on the 4th Messidor 
An VII. (June 22, 1799), and have since 
served as the standards with which to com- 
pare those for other countries which have 
adopted the system. 

From information obtained at the Uni- 
versal Exposition of i867, Dr. Barnard is 
enabled to give some interesting particulars 
as to the progress of the great movement 
toward metrological uniformity. First in 
the order of time after France, Holland, 
and Belgium, came the kingdom of Greece, 
which adopted the metric system of weights 
and measures as early as 1836; but a little 
before this (1833) the Zollverein had been 
formed, and the zollpfund of 500 grammes, 
or half a kilogramme, adopted as the com- 
mon unit. This came into use on January 
1, 1840, and was found so convenient that 
in several States—Prussia, Wurtemberg, 
ete.—it was subsequently adopted as the 
national as well as the international pound. 
In Italy the metric system was brought 
fully into force in Sardinia from January 1, 
1850 ; it was established in the Pontitical 
States soon after; and by a law passed 
July 28, 1861, was extended over the entire 
Italian peninsula, and also over Sicily from 
January 1, 1863. Shortly after the revolu- 
tionary excitement of 1848, Austria entered 
the Zollverein, and the metrical weights 
and measures were introduced into that 
kingdom. Switzerland has enjoyed the ad- 
vantage of a metric system since 1856. 
In 1852, Denmark grammes decimally 
divided. In 1855, Sweden partially adopted 
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a decimal system, which was improved in 
1865, and extended to Norway in the fol- 
lowing year. In Spain and her colonies 
the metric system was established in 1859, 
and Portugal adopted it in 1864, in which 
year Roumania also passed a law prescrib- 
ing the use of the system from January 1, 





1865. Even Turkey has recently made a | 


beginning towards bringing her system 
into harmony with that which is now so 
rapidly becoming the system of all conti- 
nental Europe. In 1864 the system was 
legalized in Great Britain, but it was 
thought preferable to allow some delay 
before rendering its use compulsory. 

That the ultimate triumph of the syste 
is inevitable is admitted by all who have 
given the subject any consideration, and it 
may be hoped that the rebuke which Dr. 
Barnard administers to Americans will not 
prove equally applicable to Englishmen— 
that we must look to a generation who is 
not so mentally one-sided as ours; a gene- 
ration in whose training the good shall not 
be placed at so tremendous a disadvantage 
as it has been in our own; a generation 
which shall bring to this great metrological 
question a judgment at once fair, candid, 
unbiased, and unwarped by the prejudices 
which mislead and bewilder us,—to produce 
the impartial decision for which it must be 


sadly admitted we seem disqualified our- | w 
| aur. 


selves. In dealing with the several objec- 
tions which have been urged against the 
metric system by those who have not studied 


and measures will be spoken from the 
equator to the poles. ; 





REPORTS OF ENGINEERS’ SOCIETIES, 


ne ScrentTiFic AND MECHANICAL SOCIETY, 
MANCHESTER.—At thie fifth monthly meeting 
of the session of the above Society, held at the 


| Trevelyan Hotel, Mr. Hacking read his paper “On 


the Ventilation of Mines.” He said there were 
now about 30,000 coal mines in the United King- 


| dom, from which the enormous quantity of 120,- 
| 000,000 tons of coal were raised annually. 


The 
depths at which these black treasures—constituting 
such an all-important ingredient in the wealth of 


| this country—were stored varied very much, the 


deepest workings in this country being the Dukin- 
field and the Rosebridge collieries, near Wigan, 
which latter had a depth of 2,418 ft., and the ave- 
rage temperature was about 95 deg. Fah. The dan- 
ger attending the getting of coul was very great; 
this was partly due to the peculiar position in 


| which the miner was placed, and partly to the ter- 


|rible agencies reigning at these depths. 


A great 
difficulty was to obtain an efficient supply of pure 
air, for which mechanical means had almost inva- 
riably to be adopted. A very common mode of 
ventilation was by means of 1, 2, or 3 shafts; at or 
near the bottom of one-—the upcast—a fire was 
kept which rarefied the air above, in consequence 
of which new air rushed in from the downcast, 
which had to make its way through the workings, 
and lastly to the fire. The life of those employed 
in the pits was much endangered by what was 


| called “firedamp,’ which was light carburetted 
hydrogen (C, H,) mixed in certain proportions 


with oxygen, or, what was the same, atmospheric 
The gas itself, which issued from the pores 


| and crevices of the coal, was inexplosive; but if 


it, Dr. Barnard gives those objections the | 


full weight to which they are entitled, but 
he shows that the advantages to be derived 


ence to be encountered in making the 
change; and he points out that in former 
times far greater, although less useful, 
changes have been made without leading to 
serious inconvenience. He shows, mure- 


over, that the tendency in every nation has | 


been towards the unification of the weights | 3 : 
| the ensuing session. 


and measures of our people under the same 
Government; and a stronger argument in 


favor of general unification could scarcely | 
| confining his remarks, however, to structural ar- 


be desired. In fact, every alleged difficulty 
has been fairly and ably met by Dr. Bar- 
nard, and no doubt it will be hereafter 


acknowledged that his exertions have done | 


much to hasten that wished-for reform 

which will aid in the realization of Mr. 

Adams’s prediction that the metre will sur- 

round the world in use as well as in multi- 

plied extension, and one language of weights 
Vou. VIIL—No. 6—42 


| known to scientific readers. 


atmospheric air contained more than 7} per cent. 
and less than 15 per cent., the results were most 
terrible if that mixture came in contact with a 
naked flame, when it would explode. The supply 


| of pure air was, therefore, required to be very am- 
; ° . | ple, in order to keep the mixture below the explo- 
far more than compensate fur the inconveni- | 
| decrease in the pressure of the atmosphere, a larger 


sive point. Asa rise in the barometer indicated a 


quantity of the gas would always be liberated when 
such a rise took place, and he suggested registering 


| barometers, which might be made to actuate an 


alarm asa safeguard. Mr. Hacking was just allu- 


| ding to the use of fans for ventilation when the 


time arrived at which it was arranged that the 
subject should drop and continued at a meeting in 
Mr. Lynde then introduced 
the discussion on Sir William Fairbairn’s new pat- 
ent high-pressure boiler, which he illustrated by a 
good photograph and sketches on the black-board, 


rangements only. The boiler, which is intended to 
carry much higher pressure (about 150 Ibs. on the 
sq. in.: than has hitherto been attained in the Lan- 
cashire and Cornish boiler, is already tolerably well 
It is essentially what 
is technically known as “French boiler,” “ Woolf 
boiler,” “ Elephant boiler,’ or “ Bouilleur boiler,” 
with this material difference, however, that each of 
the two bottom tubes have internal flues contain- 
ing the fire-grates, the same as a Lancashire boiler. 
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These flues, which form an annular waterspace 
through the whole length, are so arranged that for 
the purpose of cleaning by loosening a few bolts 
they may be withdrawn from the tubes, which lat- 
ter are about 3 ft. in diameter, communicating 
with one another. The entire circular shell consti- 
tutes heating surface. Hosts of questions were 
asked with regard to constructive detail, relative 
value of evaporating surface, etc.; but the object 
of the discussion being merely to ventilate the 
opinion and probable experience of the members, 
only few questions could be satisfied, no paper 
having been prepared for the purpose. Various 
advantages and drawbacks were pointed out, but 
no defined decision was come to.—Hngineer. 


MERICAN INSTITUTE OF MINING ENGINEERS.— 

The American Institute of Mining Engineers 
held their second tri-annual session in the hall of 
the Western University of Pittsburgh, on the 16th 
and 17th of October, on which occasion James 
Park, Jr., welcomed the members of the Institute, 
and addressed them upon the importance of their 
calling and mission, in a neat and pertinent ad- 
dress, which was responded to by the President of 
the Institute, in the course of which he urged the 
necessity of scientific mining, in view of the rapid 
development of our industries, calling for addi- 
tional supplies of fuel alluded to and the dearth of 
mineral coals abroad. The subjects announced for 
discussion were “The Iron Trade,” “Coal Wash- 
ing and Coke Making,” “Coal Fields and Ores of 
Colorado,” “The Presence of Phosphorus in An- 
thracite Coal,” “Coal Analysis,” and “The Ten- 
nessee Iron Works.” E.C. Pechin, President of 
the Dunbar Furnace Company, read an interesting 
paper on “The Iron Trade.” On Thursday the 
President read a paper on “The Tertiary Coal 
Beds of Canyon City, Colorado,” by Prof. R. N. 
Clarke, who was not present. Papers were read 
and addresses delivered by the following gentle- 
men, on the subjects following their names re- 
a rg f 

Prof. J. Blodgett Britton, of the “Iron Masters’ 
Laboratary,” in answer to the question, “Do the 
Pennsylvania Anthracites contain Phosphorus?” 
The Professor demonstrated that they do. The 
following subjects werealso brought forward: “The 
Capacity of Measurement by Weight of American 
and English Blast Furnaces,” “On a New Occur- 
rence of the Telluride of Gold,” “The Pressure of 
Gas in Coke Furnaces,” “On Coal Washing and 
Coke Furnaces.” Prof. Cox delivered an address 
on the “ Analysis of Coals.” 

It will be be seen that the proceedings were of 
an interesting character, and that the mining en- 
gineers are alive to the importance of their calling. 
—Coal and Iron Record. 


TT Council of the Institution of Civil Engineers 
have awarded the following premiums and 
prizes for work done during the session of 1871-2: 
A Telford medal and a Telford premium in books 
to each of the following gentlemen: Bradford Les- 
lie, for his “ Account of the Bridge over the Gorai 
River, on the Goalundo Extension of the Eastern 


Bengal Railway;” Carl Siemens, for paper on 
“Pneumatic Despatch Tubes: the Circuit Sys- 
tem;” W. Bell, for paper on “The Stresses of Rig- 
id Arches, Continuous Beams, and Curved Seruc- 
tures;” J.H. Latham, for description of “The 





Soonkesala Canal of the Madras Irrigation and Ca- 
nal Company ;” G. Gordon, for paper on “The 
Value of Water and its Storage and Distribution 
in Southern India;” A Telford premium in books 
to F. A. Abel, F. R.S., for paper on “ Explosive 
Agents Applied to Industrial Purposes;” and the 
same to Bashley Britten, for paper on “The Con- 
struction of Heavy Artillery, with reference to 
Economy of the Mechanical Forces Engaged.” 
The Manby premium in books to C. Andrews, for 
paper on the “Somerset Dock at Malta.” A Miller 
prize each to Oswald Brown, for paper on “Sew- 
age Utilization;” A. T. Atchison, for paper on 
“Railway Bridges of Great Span;” J. Addy, for 
paper on the “ Most Suitable Materials for, and the 
Best Mode of Formation of, the Surfaces of the 
Streets of Large Towns;” A. E. Preston, for pa- 
per on “ Wood-Working Machinery ;” W. P. Or- 
chard, for paper on “ The Education of a Civil En- 
gineer.” 


\OCIETY OF ENGINEERS.—The first meeting of 
the Society for the session of 1872-3, was held on 
Monday evening last, the chair being occupied by 
the President, Mr. Jabez Church. A paper was 
read by Mr. E. G. Bartholomew, on “ Telegraphic 
Batteries.” ‘The author commenced by referring 
to the two papers he had previously read before 
the Society on the subjects of telegraphic conduc- 
tors and telegraphic instruments, observing that 
the present paper on batteries would render the 
subject complete. He compared the electric tele- 
graph to the steam engine; the conductor repre- 
sented the steam pipe, the instrument the engine, 
and the battery the boiler. The author then went 
on to describe the different kinds of batteries, the 
principles of their construction, and to explain the 
laws by which the force generated was governed. 
Pointing out that the force generated was propor- 
tionate to the chemical action and to the consump- 
tion of some of the elements of the battery, he 
showed the necessity for preventing any such ac- 
tion or decomposition from proceeding unless the 
resulting force was utilized. The author further 
showed how by rendering the surface of the most 
oxidizable metal homogeneous, local action was 
suppressed. The various methods of joining up the 
elements, whether as forming one large plate or in 
series, was alluded to, and the resulting character 
of the force explained. 


AMERICAN SocreTy OF CrviL ENGINEERS. 

The eighth annual meeting of this Society 

was held on the 20th anniversary of its foundation, 

November 6th last, at the Society rooms, 63 Wil- 
liam street, New York. 

Papers as follows were presented : 

“Record of some experiments showing the 
character and position of Neutral Axes as seen by 
Polarized Light,” by Louis Nickerson, C. E., of 
St. Louis, Mo. “Coal Cutting Machinery in Eng- 
land,” by T. Guilford Smith, C.E., of Lansing- 
burgh, N. Y.; and “ Alcohol as an Illuminator in 
the Condensed Atmosphere of New York Caisson, 
East River Bridge,” by Francis Collingwood, C.E. 

The annual report of the Board of Direction 
upon the affairs of the Society, with brief memoirs 
of two of the members who died during the year, 
was read. 

From this report it appears: 

During the past year the attendance at the 
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meetings of the Society was greater than during 
any former year, while the interest manifested, the 
number and value of contributions to the “ Trans- 
actions,” the discussions thereon, the liberal and 
progressive spirit shown in reference to sugges- 
tions from time to time made, and the decided in- 
crease in membership, exhibit in a gratifying 
manner the regard among American engineers 
for the welfare of the Society. 

The additions to the Society during the year 
were :— 

+ places 83—qualified 71—resigned 
3—dead 

Making i increase 66. 

Associates :—elected 5—qualified 3—resigned 1 
—become member 1, making increase 1—67; fel- 
lows 13—a total increase in members of 80. 

The present membership is: 

Members :—resident 103—non-resident 175— 
total, 278. 

Associates:— resident 2—non-resident 4—total, 
6--making 284—fellows 61—making total num- 
bers 345. 

During the year 22 meetings, exclusive of the 
Annual Convention, were held, 6 of which, in the 
winter, were in the evening. At these meetings, 
and the Annual Convention 30 papers on a diverse 
range of professional topics were read. At times 
the reading was followed by frofitable discus- 
sion upon these topics and others of kindred in- 
terest. 

Twenty papers and the proceedings of the An- 
nual Convention were published during the year ; 
and most of these were reprinted in the leading 
engineering journals. 

By donation and purchase there were added to 
the library of the Society in the same time nearly 
1,200 books and pamphiets, including 53 volumes 
a” Specifications and Drawings of Patents,” cur- 
rent series, 55 photographs and maps, and 10 mod- 
els. 

It is hoped that soon the Society may devote a 
fixed portion of its revenue to the regular increase 
of its library by the purchase of rare important 
scientific and technical works. 

Mr. George H. Newman, of Newport, R. L, has 
contributed a fund sufficient to provide yearly a 
suitable medal, to be awarded for the best essay 
of practical engineering interest, either descrip- 
tion of structures complete or in course of erec- 
tion, or a record of experiments illustrating well- 
defined theory. 

The Treasurer’s report shows the finances of the 
Society to be in a satisfactory condition, and, by 
the recent increase of membership fees and dues, 
abundant pecuniary means for all its purposes are 
assur 

The first annual convention of the Society was 
held in Chicago, June 5th and 6th last. The 
largest number of American civil engineers ever 
brought together were present, who contributed 
te make the occasion" one of rare professional im- 
provement and sound enjoyment. 

Two valued members died during the year— 
Major 8. 8. Post, one of the founders of the So- 
ciety, and Col. M. D. Davidson, who early became 
a@ member. 

A report was presented on a plan for the organ- 
ization of local branches or chapters of the Society, 
which was referred to the Membership for discus- 
sion by correspondence with the Secretary, to be 





taken up for final action at the next annual con- 
vention. 

The next and Fifth Annual Convention of the 
Society will be held at Louisville, Ky., May 14th 
and 15th next. 

During the winter, beginning with November 
20th, the meetings on the third Wednesday in the 
month will be held in the evening, and devoted ex- 
clusively to the discussion of professional subjects, 
while the meetings on the first Wednesday of the 
month will be held in the afternoon, when the 
routine business of the Society will also be taken 
up. 

Officers were elected for the ensuing year as 
follows : 

Horatio Allen, President; Julius W. Adams, 
Jacob M. Clark, Vice-Presidents; Gabriel Leve- 
rich, Secretary; James O. Morse, Treasurer; Al- 
fred W. Craven, Thomas F. Rowland, John Bo- 
gart, George 8S. Greene, Francis Collingwood, Di- 
rectors. 

Subsequently the Standing Committees were 
appointed. : 

On Finance, 
Bogart. 

On Library, Messrs. Morse, Leverich, and Clark. 


Messrs. Craven, Rowland, and 





TRON AND STEEL NOTES, 


HE Pic Iron TRADE*.—The iron trade of 
America seems on the point of a new depar- 
ture. After years of struggling against heavy 
odds, patient endurance in periods of depression 
and loss, fears and hopes alternating as failure or 
success seemed to be the penalty or reward, want- 
ing in sufficient capital, embarrassed by reason of 
imperfect knowledge and lack of skilled labor, con- 
fronted by a powerful foe—every doubt has at last 
vanished, physical and mechanical difficulties have 
been largely overcome, capital has become more 
abundant and remunerative, the excellence of our 
product has been everywhere established, and the 
peculiarities of American character—pluck, energy 
and perseverance—have at last placed the trade 
upon a foundation so broad and stable, that upon 
it we begin to erect the structure of a world-wide 
business. 

Concerning the future of the iron trade in the 
United States there can be but little doubt. The 
growing scarcity and constantly increasing cost of 
raw material in Great Britain, their loss of labor 
by emigration, the social disturbances among the 
working classes, assuming a more threatening 
attitude on each new outbreak, the rapidly decreas- 
ing value of money, in consequence of the enor- 
mous production of gold and silver, combine to 
forbid any return to former prices, and indicate 
that a point has been reached beyond which any 
marked increase is improbable. The same causes 
are operating to a greater or less extent upon the 
Continent. In the meanwhile the growing wants 
of humanity are rapidly outstripping these re- 
sources of supply. : addition to the steadily 
increasing foreign home demand, we find, the 
world over, the most intense activity everywhere 
displayed in enterprises requiring prodigious quan- 





*Extract from a paper, read before the meeting of the 
American Institute of Mining Engineers, by Mr. E. C. Pechin, 
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tities of iron. Railways of colossal magnitude are 
building or projected in Russia, Australia, the 
East Indies, North and South America, and now 
the hoary and laggard East unbars its venerable 
portals and invites, with open arms, the fresher and 
nobler civilization of the West to renew its life by 
giving to it what the other, out of its own fertile 
brain, has created. 

In the United States, irrespective of the 60,000 
miles of road to be maintained, and the 5,000 miles 
annually building, the uses of iron are almost 
infinite. Day by day the application of iron and 
steel in new directions, and in novel forms is in- 
creasing. It is authoritatively stated that at the 
present rate of annual consumption, in eight years 
the forests of Maine will have disappeared. In the 
Northwest the ravages of fire and the axe of the 
woodman are rapidly diminishing that source of 
supply. 

This growing scarcity of timber is compel- 
ling the use of iron in buildings, bridges of 
wonderful size and strength, huge ocean steam- 
ships, barges and boats for lake and river traffic, 
churches, cars, and thousands of minor articles of 
every shape and size. Thus looking over the whole 
field of operations, the present is most favorable— 
the future most promising. Thus far what has 
been said applies equally to all branches of the iron 
and steel business. 

The Future of Pig Tron. What follows is 
applicable more particularly to the manufacture of 
pigiron. That the stocks of raw irons are incon- 
siderable the world over seems to be admitted. 
The chances are against any material increase 





RON vs. STEEL Raris.—The startling assertion 
is made by ‘‘The American Railway Times” 
that “on the Boston and Albany Railway some 
12,000 tons of iron rails were laid last year, and of 
this amount 800 tons have been removed from the 
track as useless or unsafe.” In consequence of 
such shortcomings in point of service, the mana- 
gers of several roads upon which a large business is 
conducted have concluded to import steel rails 
from Europe, the “Times” relating an instance of 
one lot of 9,000 tons. In the earlier days of rail- 
making in England, great care was exercised in 
producing a very superior quality of iron, which, 
made into rails, would dv service for a period of 


| twenty years, while our “ good iron ” of the present 


| 





abroad, so that the only matter likely to disturb | 


the home market is excessive domestic competition. 
From the very nature of the business, it can only 
be increased with moderate rapidity. Under the 
most favorable circumstances it takes a long 
time to build a modern furnace—the capital re- 
quired is very great, allowing only men of large 


means to engage in such an enterprise. The lo- 


calities naturally adapted for the business are com- | 
| teresting information has been made known in re- 


paratively few. A still greater obstacle in the time 
and money needed to open mines and deliver ma- 
terials. Whether the furnaces in existence to-day 
can obtain full supplies of ore for the ensuing year 
is by no means a settled question, and from all the 
data obtainable to date, the probabilities are against 
it. The outlook, therefore, is favorable. 

But all this may change—excessive prices may 
check consumption, and a falling off of demand 
may cause lower prices, and possible loss; unex- 
pected crises may come, just as they have come be- 
fore; causeless panics may again unsettle trade. 
It is, therefore, a duty that each man owes to him- 
self to ward off a disaster by present watchfulness. 
The American ironmaster should plan, construct 
and manage, as if the barest profit that rewards 
capital and labor were his; as if he were assailed 
on all sides by the fiercest competition. at home; 
as if he had to seek the market of the world for his 
living, and find himself opposed to the products of 
all nations and countries. 

To build up a business that will be permanently 
successful, that will grow with ournation’s growth 
and strengthen with her strength, we must put 
ourselves in a position to make as good an article, 
and sell it as cheaply, as any other people can or 
will, and anything short of this is practical 
failure. 


day will be rendered unfit for duty in about eight 
years. At this rate, it would be a matter of 
economy on the part of railway companies to pay 
just double the present rates for rails that would 
last twenty years. And when we count the cost 


| of relaying, it would be found cheaper to pay even 


more than twice the cost of the rotten rails named 
by our contemporary. 

It is stated in this connection by the “ Times,” 
that a pair of 21 ft. Bessemer steel rails upon the 
London and Northwestern Railway outlasted six- 
teen faces of iron rails, being evenly worn to a 
depth of a little over a quarter of an inch, having 
in about three years sustained the traffic of upward 
of 9,000,000 engines and cars, or about 95,000,000 
tons. These two rails were at last destroyed by an 
accident. It was estimated that they would have 
endured at least one and a half as much more ton- 
nage had they continued in use. From the above 
statements, we can gather some idea of the vital 
importance of securing for railway service iron of 


| the best quality, not only in view of its economy, 





but in consideration of the safety insured to passen- 
gers by its employment in railway construction.— 
Coal and Iron Record. 


yong ON THE STRUCTURE OF IRON.—In 
4 some recent experiments made in France, in- 


gard to crystalline structure in wrought iron. The 
apparatus consisted in a bent axle, which was 
firmly fixed up to the elbow in timber, and which 
was subjected to torsion or twist, by means of a 
cog-wheel connected at the end of the horizontal 
part. Ateach turn the angle of torsion was 24 
deg., and a shock was produced each time that the 
bar left one tooth to be raised by the next. Seven 
axles were submitted to the trial. In the first the 
movement lasted one hour, 10,800 revolutions and 
32,400 shocks being produced; the axle, 2,4 in. 
diameter, was taken from the machine and broken 
by an hydraulic press, but no change in its texture 
occurred. In the second, a new axle having been 
tried 4 hours, sustained 129,000 torsions, and wad 
afterwards broken by means of an hydraulic press; 
no alteration was perceptible to the naked eye, but, 
tried by a microscope, the fibres appeared without 
adhesion, like a bundle of needl:s. <A third axle 
was subjected during 12 hours to 338,000 torsions 
and broken in two; a change in its texture and an 
increased size in the grain of the iron were ob- 
served by the naked eye. In the fourth, also, the 
axle was broken in many places after 110 hours 
and 2,553,000 torsions. In the fifth, an axle sub- 
mitted to 23,328,000 torsions during 720 hours, was 
completely changed in its texture. In the sixth, 
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after 10 months, during which the axle was sub- | ning gear and the body of the car, which is accom- 


mitted to 78,735,000 torsions and shocks, fracture | 
produced by an hydraulic press showed clearly an 


absolute transformation, the surface of the rupture 
of the wheels, the clattering of the parts, and the 


being scaly, like pewter. The seventh axle, sub- 
mitted to 129,304,900 torsions, presented a surface 
of rupture like that of the sixth, the crystals were 
found to be perfectly well de fined, the iron having 
lost every appearance of wrought iron.—U. 8. 2. R. 
and Mining Register. 


T 
foreign account. The p roduction of Bessemer steel 
is being carried on in France on a considerable 


scale and upon favorable conditions; the Orleans | 
and Rouen Railway Company is about to establish | 


a Bessemer converter at works recently purchased. 





RAILWAY NOTES, 


JAILROADS IN Russta.—The new railway in 

\ Russia are progressing much less rapidly than 
was anticipated at the opening of the year. The 
Yaroslavi-Vologda and Lozovo-Se heatnadl lines are 
still far from complete, and the Poti-Tiflis, which 
was to have been opened in the winter of 1870-71, 
is not yet fit for use. Less is now heard about the 
great “strategic” lines concerning which so much 
was said; at present, the railways projected from 
time to time are almost exclusively commercial, 
intended either to connect isolated factories with 
the general railway system, or to perfect the com- 
munication between ports (espec 

saltic seaboard) and the interior. The 
“ Gazette” announces the projection of a new line 
of this kind, from Vazma to Rjeff ‘meeting the 
Rjeff-Torjok Railway, which is now in process of 
construction) in order to open up the flax-growing 
districts and connect them with Moscow. 


V 
(153 
44 kilometres (26 miles). The average number of 
horses employed in 1870 was 1000, and the Tram- 
ways Company possess nearly 400 cars, of three 
ditterent kinds. About one-fourth are winter cars, 
with two closed compartments (one for smokers), 
and 18 seats. The summer cars are open, witha 
roof covering supported on standards; they are 7 
metres long and contain 21 seats. There are also 
composite cars for the two seasons, of the same 
lengthas thesummer cars, but with open ends, and 
a closed central compartment. The gauge is 1.9 
metres, or nearly 6ft.3in.,and the minimum radius 
of curvature is 8 metres, or nearly 9 yards. The 
total number of passengers conveyed during the 
year yas 12,548,000, and their average fare was 
21d. 


IENNA TRAMWAyYS.—There are eight lines of 
tramways in Vienna, nearly 22 kilometres 


MPROVEMENTS IN STREET CarRs.—Mr. John 
Stephenson, the well known street car and 
omnibus builder of new York city, whose passen- 
ger vehicles may be seen in nearly every country 
on the globe, has recently received patents for 
various improvements in their construction, which 
consist as follows: The first invention relates to 
securing the metallic connection between the run- 


ially those of the | 
Bourse | 


miles) in extent, or a length of single line of | 


| miles east 


| distance and altitude are 
| the distance may be a few miles more 


| be 


| and close by its side for many 
| will be located one of the repair s 





plishe »d by interposing rubber or other elastie ma- 
| terial between the parts, so as to reduce the dis- 


comfort experienced by passengers from the noise 


jar occasioned by applying the brakes. The next 
improvement consists in making the axle-journal 
without a shoulder, and placing a spring check at 
the end, by which arrangement, as the car is forced 
from side to side through inequalities in the track, 


| the concussions are relieved by means of the spring 
HE FRENCH IRON TRADE.—Numerous orders | 
are being received by French ironmasters on | 


cheek. The third invention provides means for 


securely holding and fastening the caps of car-axle 
journal-boxes, and the fourth improves the con- 
struction of car-brakes, so as to simplify the same 
and facilitate repairs.—American Railway Times. 


| IMA AND ORoYA.—A synopsis of the report of 
4 the Company shows the following details: 
From Lima to Oroya is 120 miles ; highest altitude 
to be reached, 16,000 ft.; greatest grade, 4} to 5 
per cent. ; 4 ft. 8 in.; ultimate destination, 
head of navigation on the Amazon, more than 100 
of Oroya; first-clas engines required by 
contract tostock the road, 2); time given tocomplete 
it, 6 years; terms of contract, The 


gauge, 


$27,000,000. 
given in round numbers; 
or less, but 
the altitude is certainly not less, and probably may 
more. 
Trains run up to Rio Seco, 50 or 60 miles be- 
yond E. Up to this point the work has been light 
in comparison with the next 50 miles beyond, 
which will embrace most of the deep cuts, brid re8, 
tunnels, etc., as well as the highest altitude. For 
the first 25 miles, to Chosica, the grade is very 
light, the railroad keeping up the Rimac river 
miles. At this point 
hops of the rail- 
Passing Chosica, the grade rapidly increa- 
ses, and the valley contracts until it is finally 
pinched entirely out, and the railway winds up a 
narrow defile. Twenty-five miles beyond is San 
sartholomew, a cluster of 20 or 30 native huts. 
Here will be another small repair shop and engine 
house. Four miles beyond is Rio Seco, the present 
terminus of the road. A little above this men are 
at work blasting the solid rock for the first tunnel. 
Rio Seco is more than a mile above the sea. Two 
trains a day from Lima arrive at Rio Seco, and all 
material for stations beyond is forwarded upon 
mules. On the return the trains use no steam, 
the grades being so uniformly down that a light 
hand-car started at Rio Seco will run to Lima by 
its own gravity. Six first-class locomotives are 
now in operation, and others are on the way 
around the Horn. They are all made expressly for 
heavy draught engines. The grade is so steep that 
seven loaded cars is the largest train that has ever 
yet been taken to Rio Seco. The greatest credit 
is due the engineer (Mr. Harry Meiges’ for the 
manner in which he has surmounted very great ob- 
stacles and difficulties. The work goes steadily 
on, and the Peruvian Government demonstrates its 
increasing confidence in the engineering abilities 
of Mr. Meiggs by awarding him contract after 
contract over all competitors, and the liberal policy 
he has manifested toward all those in his employ, 
has elevated the American character in the eyes of 
the Peruvian people farabove that attained through 
any diplomatic influence.—Railway Review. 


road, 
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gee oy PLANES—THE CENTRE RAIL SysTEM. 
—The centre rail system, first proposed and 
practically tested 22 years ago, on the Panama 
Railroad, is about to have another trial; this time 
to be made in Brazil, on the Cantagallo Railroad, 
which bids fair to occupy an important place 
among the engineering works which have done so 
much to develop the resources of Brazil. At pres- 
ent the impurtant coffee-producing district of Can- 
tagallo, situated at a high level (separated from 
the lowlands by the Organ mountains), has to 
transport its produce by mules acruss the moun- 
tains to Caxoeira, from which a railroad of 5 ft. 3 
in. gauge has for 13 years past extended to Rio Ja- 
neiro. This costly and uncertain transportation 
by mules led to a desire to extend the railway 
communication across the Organ range into the 
heart of the Cantagallo district, and ultimately 
there was obtained a franchise to build a railroad 
from Caxoeira across the mountains to Nova Fri- 
burgo, to be ultimately extended 60 miles further 
to Cantagallo. This line, now constructing, has a 
gauge identical with that of the Mont Cenis Rail- 
road, and that part of it traversing the coast side 
of the mountains will be laid with the centre rail. 
In 7} miles this mountain portion rises about 
8,000 ft., the gradient varying from 1 in 20 to 1 in 
12, and for the greater part 1 in 13, while the 
curves are about 140 ft. radius. The permanent 
way of the mountain portion of the line is identi- 
cal in construction with that of the Mt. Cenis Rail- 
road. The rails weigh 65 lbs. per yard, the cen- 
tral one being raised 9 in. above the ordinary car- 
rying rails, and bolted to wrought-iron chairs, 
which are secured to a longitudinal sleeper fixed 
to the ordinary transverse sleepers. As in the 
case of the Mt. Cenis Railroad, also, the mid-rail 
will only be laid on the steep inclines, the ends of 
each length being tapered so that the gripping 
wheels may pass on and off easily. Recent trials 
of locomotives seem to have proved satisfactory. 
The engine is carried on two pairs of coupled 
wheels of 2 ft. 4 in. diameter, driven by cylinders 
13 in. in diameter with a stroke of 14 in., while a 
second pair of cylinders, 14 in. in diameter and 12 
in. stroke, drive two pairs of horizontal gripping 
wheels 1 ft. 10 in. in diameter. The wheel base of 
the engine is 7 ft., while the two pairs of horizon- 
tal gripping wheels are placed as close together as 
possible, and are situated midway between the ax- 
les of the vertical wheels. The pair of cylinders 
driving the horizontal wheels are arranged on the 
centre line of the engine, one above the other, the 
piston rod of each cylinder being attached to a 
long transverse crosshead suitably guided, from 
the ends of which connecting rods lead off to 
cranks on the axes of the leading horizontal wheels. 
The axis of each horizontal wheel has two cranks 
at right angles to each other, the two axes on each 
side of the centre rails being connected by coup- 
ling rods, while the leading axis of each pair so 
coupled is driven by the connecting rods already 
mentioned. The axes of the horizontal wheels are 
mounted in bearings carried by cast-steel cradles, 
so arranged that by means of a right and left- 
handed screw, the gripping wheels can be made to 
exert a pressure of any desired amount up to 40 
tons on the mid-rail. The engines for driving the 
horizontal and vertical wheels are independent of 
each other, with two regulators and two sets of re- 
versing gear, and an independent ordinary and 





mid-rail brakes. With these arrangements the 
tractive power is estimated as enormous—with a 
clean rail the adhesion is reckoned at six tons, at 
the least; and the experiments thus far made seem 
to demonstrate the practicability of these locomo- 
tives, and hence the efficiency of this most difficult 
line of railway.—Railway Review. 


Homas A. Scott, Esq., Vice President of the 

Pennsylvania Railroad Company, gives the fol- 
lowing testimonial in regard to the Wharton 
switch : 

“ After careful experiment upon our road at sev- 
eral points where it could be most thoroughly 
tested, during which you have perfected the Whar- 
ton Railroad Switch, so that we think it adapted to 
all our wants, we have concluded to adopt it on 
our own road and the roads leased by us; and will 
give it place as rapidly as we can do so consistently 
with the proper maintenance and operation of the 
line. 

“T believe that it will prove of great practical 
value to all the railways of the country.” 





ENGINEERING STRUCTURES, 


‘He MonstER DERRICK.—Some months since, 

the Delamater Iron Works constructed, for 
the Department of Docks, a 100-ton floating der- 
rick, which is now in successful operation, and is 
the most powerful structure of its kind in the 
world. It was constructed for the purpose of trans- 
porting and laying under water the huge monolyths 
of artificial stone or béton which form the lower part 
of the river wall which is to surround the water 
front of the city, and has a lifting power of up- 
wards of 100 tons. 

The float which carries the derrick is of rec- 
tangular form, 66 by 71 ft., and 13 ft. in depth. It 
is built for the most part of Georgia pine, put 
together in the strongest manner, in order that it 
may stand, without twisting, the heavy loads it 
carries on its deck, as well as the strain caused by 
the great weights which are lifted by its boom. 
The float is stiffened by 16 trusses, extending from 
the deck to the bottom, and running across from 
side to side. 

The tower, which is placed upon the float, and 
which carries the derrick proper—viz.: the king 
post and booms—is made of 12 baulks of Georgia 
pine, 63 ft. 3 in. in length, and 14 in. square ; these 
balks or legs are stiffened from one end to the 
other by struts and braces; their lower ends are 
bolted into a heavy cast-iron circle, which, in its 
turn, is held down by numerous bolts, which pass 
down through the bottom of the float. At their 
upper extremity these legs are brought close to- 
gether and are inserted in a heavy cast-iron cap, to 
which they are bolted. The tower thus described 
accordingly forms a frustrum of a cone 40 ft. in 
diameter at the base, 62 ft. in height, and 12 ft. in 
diameter at the top. The cast-iron cap which sur- 
mounts it is made with a circular hole, through 
which the king post passes. 

The front or hoisting boom of the derrick con- 
sists of two wrought-iron box girders 22 in. deep 
by 93 in. wide ; these girders are made with the great- 
est care, the plates having been accurately planed 
and all the rivet holes drilled, instead of punched. 
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These girders are spaced 24 in. asunder, and are 
held securely parallel by appropriate braces of 
wrought iron; on the upper and inner edges of 
these girders a track or slide of polished brass is 
fastened by countersunk screws ; these tracks have 
a projector which extends a short distance down- 
ward ; the carriage which carries the main hoisting 
blocks slides on these tracks. The carriage is com- 
posed of two plates of iron } in. in thickness, and 
spaced 10 in. asunder; its length is 8 ft., its depth 
3 ft. When its under side bears upon the track, a 
sliding surface is formed by two pieces of ash wood, 
well saturated with grease, and extending the en- 
tire length of the carriage; similar pieces are at- 
tached along the sides. This arrangement works 
exceedingly well, the carriage, with its heavy load, 
moving with perfect steadiness. At each end of the 
carriage are placed cast-iron sheaves ; around these 
sheaves the wire rope passes which runs the car- 
riage in and out on the boom. Heavy wrought- 
iron bands are fastened to the carriage, which ex- 
tend downward to the under side of the boom, and 
to them are attached the main hoisting blocks; the 
upper one of these two blocks is so secured that it 
will hang perpendicularly, no matter how much 
the float may careen under a heavy weight or un- 
equal loading. The front or hoisting boom already 
described is supported by 18 diagonal rods 2} in. 
in diameter, of iron, which resist 75,000 lbs. per 
square inch tensile strain ; these rods converge near 
the top of the king post, and are secured to it by 
three heavy forgings, which straddle the iron cap 
on the top of the post. These forgings extend 
backward sufficiently to receive the counter stays, 
which are 3% in. in diameter, and which extend to 
the end of the back boom. The back boom is 
similar to the front one, except that it is composed 
of one box girder. 

The king post is wrought iron, 40 in. outside 
diameter. It is hollow, and its shell is # in. 
thick. The king post is supported as follows: Its 
lower end is 12 ft. below the top of the tower, 
through which it passes, and it is inserted in a cir- 
cular casting; this casting bears upon another 
casting some 12 ft. in diameter, and reaches radi- 
ally to the tubular legs of the tower to which 
it is secured. The king post revolves in the 
lower casting, thus swinging the boom completely 
around. 

The back boom, already mentioned, is held down 
by eight parts of 13 steel wire rope, the breaking 
strain of each part being 78 tons. The rope is in 
one piece, and it is rove through sheaves on the end 
of the boom, and also through similar sheaves at- 
tached to the carriage on the traversing circle, al- 
ready described, and which spreads over some 18 ft. 
of the circle. By this arrangement the heavy strain 
in distributed on the 8 parts of the rope. Under 
a strain of some 300,000 lbs. these guys do not 
yield enough to allow the side of this post to 
touch the front side of the casting on the top of 
the tower through which it passes. 

The derrick has the power of giving three mo- 
tions to its load: 1. The lifting motion; the gear 
for this purpose consists of two blocks with ten 
24-in. sheaves in each; a wire rope 1} in. in di- 
ameter is rove through these blocks, the two ends 
passing down through the centre of the king post 
to a cast-iron drum 60 in. in diameter, which is 
driven by a pair of engines with 12 by 14 in.cylin- 











ders, connected by appropriate gearing ; the bight 
of this hoisting rope passes around a horizontal 
sheave placed at the end of the boom, henée the 
carriage may be run in and out by changing the 
position of the load vertically. 2. The movement 
of the load in and out on the boom, the general 
arrangement of the carriage has been described, so 
that it is only necessary to state that four parts of 
wire rope are rove through each end of the car- 
riage, the ends of the rope are carried down 
through the king post and wound in opposite di- 
rections around a drum driven by a pair of engines 
similar to those already described. 3. The move- 
ment of winging the load; this is done by wire 
ropes attached to the carriages, which roll on the 
traversing circle; these ropes pass in opposite di- 
rections around the circle and are wound in op- 
posite directions around a drum similar to the one 
already mentioned. Although, as has been shown, 
there is a flexible connection between the travers- 
ing carriages and the end of the back boom, the 
boom follows the slightest change in the position 
of the carriages, and is instantly stopped by 
checking them. 

The front and back booms form a continuous arm, 
being braced together laterally by a lattice truss of 
lozenge form, made of wrought iron. 

All the machinery is placed on a float under 
the tower, and the levers which operate it, 
and which give the various movements men- 
tioned, are brought together on a platform 35 ft. 
above the deck of the float, so that the person 
operating them acts in full view of the load that is 
being handled. 

To repeat in part, the following are the chief 
dimensions of the derrick: Length of float, 77 ft.; 
breadth of float, 66 ft.; depth of float, 15 ft.; length 
of hoisting boom, 63 ft. 3 in.; length of back boom, 
50 ft. 3.; length from end to end of booms, ‘10 ft. 
6 in.; height from bottom of float to top of king 
post 127 ft. 3 in. 

This general type of derrick was projected by 
Bishop many years ago; but those that have here- 
tofore been built are of very inferior construction 
to this one. The one above described is a thorough 
engineering structure from top to bottom. It has 
many mechanical refinements, to which is due the 
marked success which has attended its working 
under very heavy loads. The novel arrangement 
of the wire guys on the back boom, spreading, as 
they do, the strain over a large section of the 
traversing circle, may be particularly mentioned.— 
Nautical Gazette. 


Io St. GoTHARD TUNNEL will have a length of 

9.2 miles, and will be entirely ona straight line. 
The summit rail load in the middle of the tunnel will 
be 3,788 ft. above sea level. The same section of tun- 
nel as on the Mont Cenis is'to be adopted, 26 ft. 
2 in. wide, and 19 ft. 84 in. high. From geological 
indications the following strata will have to be 
pierced, and in the order named: Granitic gneiss, 
2,050 yards; gneiss, 393; schists (with marble), 
3,050; granitic gneiss, 4,100; gneiss, 508 ; granitic 
gneiss, 2,500; gneiss and mica schist, 1,545 ; horn- 
blend and schist, 1,336; dolomite and gypsum, 710; 
making a total of 16,192 yards. Contractors are 


invited to submit proposals with reference to the 
work up to the 18th of next May, to the admin- 
istration of the St. Gothard Railway. 
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cannon for the Peter the Great are being made at 
the Imperial foundry of Alexandrofsky, nine miles 
from Sf. Petersburg. Each gun is of steel, built 
up like Vavasseur’s gun, and breech-loading on a 
system which differs but little from Krupp’s. The 


ORDNANCK AND NAVAL. 


Fl peony ae STEAMSHIPS.—We have left. to us 
one line of American ocean steamships of 
which we have a right to feel proud—the line 


which connects San Francisco with China and 
Japan. It seems that the China steamers of the 
Pacific Mail Company are to follow the fate of 
other American ocean steamers. A new fleet of 
magnificent English ships is to be put on the same 
route. These vessels may not surpass in speed, 
comfort, or safety, the American steamers, but the 
former are propelled by the screw, while the lat- 
ter still adhere to the paddle-wheel. 


‘HE GREAT Russtan IRon-CLAD.—A St. Peters- 
burg correspondent of the “ Daily News” de- 
scribes the launch of the sea-going turret ship 


Peter the Great from the Admiralty dock-yard | 


there. The vessel received its namefrom the Grand 
Duke Constantine, in the presence of a great con- 
course of people. 
simultaneously, and the great ship glided without 
check or noise into the Neva. The vessel has been 
designed by Admiral Popoff, an officer of the high- 


est distinction, who is well and favorably known | 
His ship differs in many respects | 


in England. 
from the American and English turret ships. While 
as good a piece of mechanical construction as any 


of Mr. Reed’s vessels, she is in size, height, form, | 


buoyancy, stability, and engine power, able to 
make a long voyage of 17 days at a high speed in 
any condition of weather. 
329 ft. 8 in. in length between perpendiculars. Her 
greatest outside breadth in 63 ft. The builder’s 
measurement is 5,352 tons, and the displacement, 
with coals, stores, and water in boilers, will be 
9,665 tons, at a mean draft of 23 ft.9in. The 


The wedges were withdrawn | 


The Peter the Great is | 


bore is 12 in., and the projectile of 700 pounds will 
be propelled at a velocity exceding 1,400 ft. per 
second. The steel from which the guns are made 
is oil tempered, and of very fine quality, superior 
in respect of strength und toughness to either 
Krupp’s or the Woolwich Arsenal tube metal. 
Nautical Gazette. 


| ee NAVAL FORCE OF FRANCE.—From statistics 

recently published, it appears that the French 
fleet now consists of 104 war vessels afloat, of 
| which seven are armor-plated, and 73 on trial or 
|in reserve, including 17 armor-plated, making a 
total of 181. The navy comprises 27,993 men. 
| Next year the fleet will consist of 94 vessels afloat, 
8 iron-clad, and 62 in reserve or on trial, or 
allotted for training, 19 of them being iron-clad. 
| The naval service will have an effective force of 
28.431 men. A sum of 22,000,000 francs will be 
set apart during the two years for new building, 
and ought to provide 12 new vessels. When the 
number of ships condemned by the committee of 
| investigation is taken into account, this figure does 
not seem sufficiently high; but, on the other hand, 
it must be remembered that the power of increase 





| will be greatly extended by the plan in future to 
| be adopted, of building in private yards, of which 
there are many more now than in former days. 
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NTRODUCTION TO CHEMICAL Prysics. By 


plates on the ship’s sides and raised building amid- | 
ships vary from 12 to 14in., and the armor-plate | THoMAS RvaeLEs Pyncnon, M.A. New 
protects the ship to a depth of 6ft. below the water | edition, revised and enlarged. New York: D. Van 
line. The vessel has no spur, but the upright | Nostrand. 

stem is heavily plated, and of enormous strength.| A new branch of scientific instruction has been 
The ship has two large turrets, which are plated | added within the last few years to those generally 
with 16 in of iron, in two thicknesses of 14 and 2 | considered indispensable to a course of scientific 
in. She a = — es — ee | —_ It — = ca ag npn —— 
engines, which have been built by the Widow | but is now finding a place in the academies an 
Baird. The engines are on the compound prin- | preparatory schools. The work before us is the 
ciple, and in construction resemble the Messrs. | latest, and, so far as we have examined similar 
Rennie’s latest type. Each engine is 700 horse | treatises, the best contribution to this department 
power, and connected with two four-bladed screws. of human knowledge. It is quite as much a sup- 
There are 12 boilers, which will require at full speed | plement to the course of so-called Natural Philoso- 
132 tons of coal in 24 hours, at which rate of con- phy as an introduction to Chemical Physics ; and 
sumption the engines will work at 10,000 horse | still “all matters” says the author, “of which a 
power effective, and the ship will be driven at 144 | knowledge could equally well be obtained from 
knots speed per hour. Ifthe engines are worked | any good treatise on Natural Philosophy, have 
at second grade of expansion she will have coal for | been omitted.” 

17 days, steaming 12+ to13 knots per hour. With The leading topics in point of interest—those 
the single exception of the teak-wood backing, all | which the reader would experience difficulty in 
a geo = ~_ ~~ ne _ — | ag wie ne -. the standard text- 
1ave been produced in Russia, by Russian work- ks, we briefly set forth below. 

men. The iron plates of which the hull has been After a short chapter, devoted chiefly to the dif- 
built were made of Russian iron, at the Imperial | ferent states of matter and the nature of chemical 
factories of Petrozavodsk and Kolpino. These aaten forces, the topic of Heat is discussed in the fullest 
are of superb quality charcoal iron, much superior | manner. Under the title “Diffusion of Heat,” 
to the best Yorkshire plates in respect of closeness | conduction, connection and radiation are of course 
of fibre and toughness. The armor plates, also of | explained, and in the usual order, but with a 
Russien iron, were all rolied at Kolpino, 25 miles | degree of fulness not to be found in other so- 
from St. Petersburg, and are of the finest descrip- | called text-books. Sixty pages are devoted to this 
tion. They will, it is said, sustain the blows of | section alone. In the treatment of Radiation, the 
the heaviest shots without splitting. The four | latest discoveries regarding diathermancy are fully 
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set forth. Some of the topics are as follows: 
Diathermancy not proportioned to transparency ; 
Melloni’s experiments on diathermancy of solids; 
the diathermancy of liquids; the diathermancy of 
gases, unequal diathermancy of heat from the same 
source, owing to a property of bodies called Ther- 
mochrosis. 

The Second Section treats of Expansion due to 
Heat; the useful effects of such expansion receiv- 
ing special attention. The various forms of ther- 
mometers and pyrometers are illustrated largely 
by wood-cuts interspersed in the text. 

Liquefaction forms the subject of the Third Sec- 
tion under the general topic of “ Effects of Heat.” 
The Heat of Composition, Heat of Fluidity, and 
the Theory of Fluxes are the leading items among 
numerous important and interesting ones. 

Section Four deals with Ebullition, and Section 
Five with Evaporation. Seventy-five pages are 
not considered too much space in which to eluci- 
date these important phenomena and their rela- 
tions to practical science. Of course engines and 
boilers receive a fair share of attention; but so 
also do such topics (unusual in books designed for 
class instruction) as “fractional distillation,” and 
“the relative economy of employing other vapors 
than that of water in our engines.” 

Specific Heat, The Sources of Heat, and The 
Nature of Heat are treated respectively in the 
Sixth, Seventh and Eighth sections. Many valu- 
able tables are included in this portion of the book, 
all of which are of the highest importance to the 
— in either the physical or chemical labora- 

ory. 

Under the head of Light, in Chapter Third, we 
find a very complete, yet concise account of the 
spectroscope, its uses, and the late discoveries 
effected by it. Many spectra are exhibited by 
Wood-cuts. 

Electricity, Static and Dynamic, Magnetism, 
Electro-Magnetism, Magnets, Electricity, and 
Thermo-Electricity form the subjects of the Fourth 
and last chapter of the book. Batteries of many 
forms, their theories and adaptability respectively 
to various uses, are described in the most thorough- 
ly practical manner. Telegraphs, Electro-Motors. 
and Electric Clocks follow next in order. The 
Economy of Magnetic Engines Compared with 
Heat Engines is discussed in a brief section that 
might be committed to memory with lasting profit 
by many young aspiring inventors at the present 
day 

The theories of magnetic and electric induction 
are stated with clearness and precision. Ritchie’s 
and Ruhmkorff’s coils, together with their appli- 
cations, are described at length. The earliest and 
latest forms of magneto-electric machines are dis- 
cussed in their order, and include such applica- 
tions as Wilde’s and Ladd’s machines for illumina- 
ting purposes. 

The Correlation and Conservation of Physical 
Forces appropriately ends the book. 

It will be inferred from the above analysis that 
while nothing relating to atomic forces is treated 
in the work, as this is the province of chemistry 
proper, nothing is left to be desired in the treat- 
ment of molecular motions and forces. The 
author's plan comprehends a course of elementary 
chemistry to follow this introduction. 

Most readers of scientific treatises, whether 
students or not, would find in this book much that 





is valuable, especially in the aid its tables and 
descriptions would afford in understanding the 
more technical and scientific discussions which are 
so frequent in our scientific journals. As a book 
of reference for such use, we know of no single 
work which could so well answer the purpose. 
The instructor will find the suggestions for 
illustrative experiments of especial value. 


ECTURES ON MINERALOGY delivered at the 
School of Mines, Columbia College, by Prof. 
T. EGLEsToN. New York: D. Van Nostrand. 

This work is a treatise on descriptive mineralogy, 
in which “only those species are described with 
which it is necessary for an engineer of mines to 
be familiar, or which present some peculiarity of 
interest.” 

The lectures were prepared for the students of 
the School of Mines, and have been printed with 
special reference to facilitating their labor. So 
much the author explains in the preface. Students 
of a practical turn of mind elsewhere in the 
vountry, who have notenjoyed the benefit of the lec- 
tures will not be slow to draw the conclusion that 
a work designed to aid students in the first mining 
school in the land, will be of the highest value 
to those who wish to study this science with re- 
ference to such applications. 

The descriptions of the physical characteristics 
of minerals, together with their behavior under the 
blow-pipe is exceedingly lucid. 

The crystalline forms are given at the end of 
the book in thirty-four full-page plates. 


ra FOR FACILITATING THE COMPUTATION 

OF THE QUANTITY OF WATER FLOWING 
OVER WErIRs. Supplement to FRANcis’ HyDRAU- 
uic EXPERIMENTS. 

There are two tables only, occupying seven 
quarto pages. The first cives Heads in full due 
to velocities from 0 to 4.99 ft. per second. 

Table Second shows “ the discharge in cubic feet 
per second of a weir 1 ft. long, without contrac- 
tion at the ends, for depths from 0 to 2.99 ft. 

CoMPENDIOUS MANUAL OF QUALITATIVE 

Cnemicat ANALYsts. By CnHas W. EviorT 

and FRANK H. Srorer. Revised with the co- 

operation of the authors, by Wm. Ripley Nichols. 
New York: D. Van Nostrand. 

The original edition of this work having been 
exhausted, while the demand for it was still in- 
creasing, a new supply was an obvious necessity. 
In the meantime, its use in the laboratory of the 
Massachusetts Institute of Technology had sug- 
gested to the revising editor some alterations and 
additions, which accordingly appear in the present 
issue, 

To the beginner in analysis, this work presents 
many advantages not easily found in other works 
designed for the same class of students. Among 
these may be mentioned the very copious appendix, 
detailing in an admirably clear manner the proper 
method of conducting laboratory work. This 
description is aided by many illustrations. 

The whole work is divided into two parts. 
Part I. is divided into chapters, each single chapter 
from the second to the eighth being devoted to a 
class of metals. The ninth and tenth discuss the 


properties of non-metallic elements. 


Part IL. deals with preliminary: examinations 
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and general methods of procedure. Many in- 
structors will doubtless prefer to present these 
Parts to their students in the inverse order; but 
this can be done at the pleasure of the teacher, 
and without involving explanations not contained 
in the book. 





MISCELLANEOUS. 


NEw CoLony IN THE WEsT.—The Kansas Pa- 

cific Railroad Company recently sold to Sir 
George Grant, London, Eng., about 24 square 
miles of land, in Ellis county, Kansas, lying on 
Big Creek and Smokey Hill River. The location, 
as respects fertility of soil, a good climate and easy 
accessibility, is highly favorable, and a credit to 
the discernment and good judgment of the pur- 
chaser. It is the intention of this gentleman to 
found a colony of English and Scotch farmers and 
mechanics, and to import with them a lot of fine 
blooded stock of horses, sheep, and horned cattle. 
A fine stone quarry underlies a portion of the pur- 
chase, from which materials will be taken for a 
handsome depot and for public edifices, etc. The 
colonists will probably make a specialty of grazing 
and “blooded” stock-raising, since every facility 
will be afforded todo so. Sir George is not only 
wealthy but influential among his countrymen, 
and, what is better, enthusiastic in his specialty or 
pet project of introducing good farmers to good 
farms. With such means and disposition there is 
no doubt that the tract he has bought can and will 
be made a perfect garden. All this cannot, of 
course, be done at once, but as successive ship loads 
of emigrants flock in, and as the circle enlarges by 
this and the natural increase of population, and so 
too in the extent and value of their work on a vir- 
gin soil, in a district so accessible to markets for 
every salable product, the future of this enterprise 
can reasonably be pronounced successful. The 
colony, or rather the township which it will make 
up, is to be appropriately called Victoria, as we are 
informed.—Railway Review. 


ALLARAT MINEs.—I have said that among Vic- 
toria gold fields, Ballarat isfamousforalluvial 

dirt to be washed—not for quartz to be crushed, as 
is the case with Sandhurst. But the reader must 
not therefore suppose that Ballarat isa place of 
mere surface scratching—an agglomeration of 
gullies from which the earth is shovelled into 
cradles—a congregation of “ fossickers,’” who 
search about, picking and washing a bit of earth 
here and a bit there. The alluvialdirt which pro- 
duces the greater portion of the wealth of Ballarat 
has not only to be brought up many hundred feet 
from under the surface, but it has to be sought for 
through underground passages thousands of feet 
in length, and has to be followed up by geological 
deductions which too often fail in their promise. I 
went down one such mine, called Winter’s Free- 
hold, descending 450 ft. in aniron cage. I was 
then taken 4,000 ft. along a tramway in a truck 
drawn by a horse. At the end of that I was called 
upon to mount a perpendicular ladder about 20 
ft. high, and was then led along another tramway 
running apparently at right angles to the first. 
From this opened out the cross passages in which 
the miners were at work. Here we saw the loose 


| 





alluvial grit—so loose that a penknife would re- 
move it—lying on the solid rock to the breadth of 
about 4 ft. Here and there among the grit, 
with candle held up and some experienced miner 
guiding my eye, I could see the minute specks of 
gold in search of which these vast subterranean 
tunnels had been made. Itseemed tobe but a speck 
here and there—so inconsiderable as to be altogether 
unworthy of such labor. I was told that £150,000 
had been expended on this single mine, and that 
the machinery was the finest in the colony. I 
heard also that the results hitherto had not been 
magnificent. But it was thought that a good time 
was coming, and that all the money expended 
would certainly come back with copious interest. 
We were two hours seeing the mine, and I cannot 
say that, as regarded immediate enjoyment, the 
time was well spent. The place was wet and dirty and 
dark, and the effect tothe eye very poor. But such is 
the result to all amateur inspectors of mines. 
When we had extricated ourselves from the bowels 
of the earth we ascended to a platform on the top 
of the machinery, to which the wash-dirt is brought 
up that it may be “puddled” and the gold ex- 
tracted. The height enables the water and mud to 
run off. The dirt is placed in a round flat recep- 
tacle or trough, into which water is pumped up, 
and an instrument sumething like. a harrow is 
worked through it. The water and mud are 
amalgamated, and they escape: the gold by its 
own weight falls to the bottom, together with 
stones and shingles. This is then sent down toan 
open spout below, though which water again runs, 
a man the while working it with a fork prepared 
for the purpose. Again the stones and mud pass 
off with the water, and again the gold remains 
behind, sinking to the bottom by its own weight. 
When all has escaped that will escape, and the 
stones which will not fall have been thrown out, 
then the specks of gold are seen lying thick, col- 
lected in the little furrows which are marked in 
the bottom of the spout. Tothe uninitiated eye the 
product of all this labor still seems to be small. The 
precious metal is then smelted and sold to the 
banks. At present the greater portion of the gold 
found at Ballarat is worth over £4 an ounce. I 
must add, that they who are sanguine as to Balla- 
rat predict a vast wealth of qartz reefs for the lo- 
cality after the wash-dirt has been all extracted.— 
Daily Telegraph. 


ROPOSED HARBOR WORKS AT CAITHNESS.— 

We have received, and have much pleasure in 
giving publication to, a communication in relation 
to the provision of a good harbor on a part of our 
coasts that is by no means too well provided with 
such accommodation of a suitable character. It is 
not because this is the Ultima Thule of “John 
o’Groat’s,” that the subject should therefore be es- 
teemed as of small account, from an imperial point 
of view. The nation that allowed itself to be be- 
guiled into the undertaking of Alderney Harbor, 
may well look somewhat favorably upon a really 
useful and practicable scheme at the other extrem- 
ity of the United Kingdom. The recent visit of 
the Chancellor of the Exchequer to Wick savors 
of some inchoate inception of “justice to Scot- 
land;” and now that he is a freeman of that am- 
phibious borough, there will be “no peace for the 
wicked,” if he does not in some sort realize their 
fond expectations. 





Scientiric Books. 


‘RANCIS’ (J. B.) Hydraulic Experiments. Lowell Hydraulic Ex- 

periments—being a Selection from Experiments on Hydrauli¢ 
Motors, on the Flow of Water over Weirs, and in Open Canals of 
Uniform Rectangular Section, made at Lowell, Mass, By J. B. 
Francis, Civil Engineer. Second edition, revised and enlarged, in- 
cluding many New Experiments on Gauging Water in Open Canals, 
and on the Flow through Submerged Orifices and Diverging Tubes. 
With 23 copperplates, beautifully engraved, and about 100 new 
pages of text. 1 vol., 4to. Cloth. $15. 


Most of the practical rules given in the books on hydraulics have been determined from ex 
periments made in other countries, with insufficient apparatus, and on such a minute scale, that 
{in applying them to the large operations arising in practice in this country, the engincer cannot 
but doubt their reliable applicability. The parties controlling the great water-power furnished 
by the Merrimack River at Lowell, Massachusetts, felt this so keenly, that they have deemed it 
necessary, at great expense, to determine anew some of the most important rules for gauging 
the flow of large streams of water, and for this purpose have caused to be made, with great care, 
several series of experiments on a large scale, a selection from which are minutely detailed in 
this volume. 

The work is divided into two parts—Parr I., on hydraulic motors, includes ninety-two exper. 
ments on an improved Fourneyron Turbine Water-Wheel, of about two hundred horse-power, 
with rules and tables for the construction of similar motors :—Thirteen experiments on a model 
of acentre-vent water-wheel of the most simple design, and thirty-nine experiments on a centre 
vent water-wheel of about two hundred and thirty horse-power. 

Part II. includes seventy-four experimerts made for the purpose of determining the form of 
the formula for computing the flow of water over weirs; nine experiments on the effect of back 
water on the flow over weirs; eighty-eight experiments made for the purpose of determining 
the formula for computing the flow over weirs of regular or standard forms, with several tables 
of comparisons of the new formula with the results obtained by former experimenters; five ex- 
periments on the flow over a dam in which the crest was of the same form as that built by the 
Essex Company across the Merrimack River at Lawrence, Massachusetts; twenty-one experi- 
ments on the effect of observing the depths of water on a weir at different distances from the 
weir; an extensive series of experiments made for the purpose of determining rules for gaug- 
ing streams of water in open canals, with tr ves for facilitating the same; and one hundred and 
one experiments on the discharge of water \grough submerged orifices and diverging tubes, the 
whole being fully illustrated by twenty-three double plates engraved on copper. 

In 1855 the proprietors of the Locks and Canals on Merrimack River, at whose expense most 
of the experiments were made, being willing that the public should share the benefits of the 
scientific operations promoted by them, consented to the publication of the first edition of this 
work, which contained a selection of the most important hydraulic experiments made at Lowell 
up to that time. In this second edition the principal hydraulic experiments made there, subse- 
quent to 1855, have been added, including the important series above mentioned, for determin- 
ing rules for the gauging the flow of water in open canals, and the interesting series on the flow 
through a submuged Venturi’s tube, in which a larger flow was obtained than any we find re 
eorded. 


pe RAs (J. B.) On the Strength of Cast-Iron Pillars, with Tabled 
for the use of Engineers, Architects, and Builders, By James B, 
Francis, Civil Engineer. 1 vol., 8vo. Cloth. $2. 














24 D. Van Nostrand’s Publications. 


OLLEY’S RAILWAY PRACTICE. American and Earopean 
Railway Practice, in the Economical Generation of Steam, in- 
cluding the materials and construction of Coal-burning Boilers, 
Combustion, the Variable Blast, Vaporization, Circulation, Super- 
heating, Supplying and Heating Feed-water, &c., and the adaptation 
of Wood and Coke-burning Engines to Coal-burning ; and in Per- 
manent Way, including Road-bed, Sleepers, Rails, Joint Fastenings, 
Street Railways, &c., &c. By Atexanper L. Hottey, B. P. With 
77 lithographed plates. 1 vol., folio. Cloth. $12. 

“This is an elaborate treatise by one of our ablest civil engineers, on the construction and use 
of locomotives, with a few chapters on the building of Railroads. * * * All these subjects 
are treated by the author, who is a first-class railroad engineer, in both an intelligent and intelli- 
gible manner. The facts and ideas are well arranged, and presented in a clear and simple style, 
accompanied by beautiful engravings, and we presume the work will be regarded as indispens- 
able by all who are interested in a knowledge of the construction of railroads and rolling stock, 
or the working of locomotives.” —Scientific American. 


| hegre (OLAUS). Skeleton Structures, especially in their Appli- 

cation to the Building of Steel and Iron Bridges. By Oxaus 
Henricit, With folding plates and diagrams. 1 vol., 8vo. Cloth. 
$3. 


\ K JHILDEN (J. K.) On the Strength of Materials used in En 
gineering Construction. By J. K. Wuitpen. 1 vol., 12mo. 
Cloth. $2. 

“We find in this work tables of the tensile strength of timber, metals, stones, wire, rope, 
hempen cable, strength of thin cylinders of cast-iron; modulus of elasticity, strength of thick 
cylinders, as cannon, &c., effects of reheating, &c., resistance of timber, metals, and stone to 
crushing; experiments on brick-work; strength of pillars; collapse of tube; experiments on 
punching and shearing; the transverse strength of materials; beams of uniform strength; table 
of coefficients of timber, stone, and iron; relative strength of weight im cast-iron, transverse 
strength of alloys; experiments on wrought and cast-iron beams: lattice girders, trussed cast 
iron girders; deflection of beams; torsional strength and torsional elasticity."—American Ar- 
tisan. 


(are (F.) On the Construction of Iron Roofs. A Theoretical 
and Practical Treatise. By Francis Campin. With wood-cuts and 
plates of Roofs lately executed. Large 8vo. Cloth. $3. 


ROOKLYN WATER-WORKS AND SEWERS. Containing a 
Descriptive Account of the Construction of the Works, and also 
Reports on the Brooklyn, Hartford, Belleville, and Yambridge 
Pumping Engines. Prepared and printed by order of .t.e Board of 
Water Commissioners. With illustrations. 1 vol., foliof Cloth. 
$15. 
| eae secon (J. A.) Long and Short Span Railway Bridges. By 
Joun A. Rorsiine, C. E. Illustrated with large copperplate en- 
gravings of plans and views. Imperial folio, cloth. $25. 


CaS (T. C.) Description of the Iron Railway Bridge across 

the Mississippi River at Quincy, Illinois. By THomas Curtis 
CrarkE, Chief Engineer. Illustrated with numerous lithographed 
plans. 1 vol., 4to. Cloth. $7.50. 
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EIRCE’S SYSTEM OF ANALYTIC MECHANICS. Physical 

and Celestial Mechanics, by Benjamin Peirce, Perkins Professor 
of Astronomy and Mathematics in Harvard University, and Con- 
sulting Astronomer of the American Ephemeris and Nautical Al- 
manac, Developed in four systems of Analytic Mechanics, Celestial 
Mechanics, Potential Physics, and Analytic Morphology. 1 vol., 
4to. Cloth. $10. 


“ILLMORE. Practical Treatise on Limes, Hydraulic Cements, and 
Mortars. Papers on Practical Engineering, U. S. Engineer De- 
partment, No. 9, containing Reports of numerous experiments con- 
ducted in New York City, during the years 1858 to 1861, inclusive. 
By Q. A. Gittmorg, Brig.-General U. S. Volunteers, and Major U. 
S. Corps of Engineers. With numerous illustrations, One volume, 
octavo. Cloth. &4. 


| gern ae (H. D.) Geology of Pennsylvania. A complete Scien- 
tific Treatise on the Coal Formations. By Henry D. Rocers, 
Geologist. 3 vols., 4to., platesand maps. Boards. $30.00, 


thy (N. P.) Modern Marine Engineering, applied to Paddle 

and Screw Propulsion. Consisting of 36 colored plates, 259 
Practical Woodcut Illustrations, and 403 pages of Descriptive Matter, 
the whole being an exposition of the present practice of the follow 
ing firms: Messrs. J. Penn & Sons; Messrs. Maudslay, Sons, & 
Field ; Messrs. James Watt & Co. ; Messrs. J. & G. Rennie; Messrs. 
R. Napier & Sons; Messrs. J. & W. Dudgeon; Messrs. Ravenhill 
& Hodgson; Messrs. Humphreys & Tenant; Mr. J. T. Spencer, 
and Messrs. Forrester & Co. By N. P. Burcu, Engineer. In one 
thick vol., 4to. Cloth. $25.00. Half morocco. $30.00. 


_ =. Lessons and Practical Notes on Steam, the Steam-Engine, 
Propellers, &c., &c., for Young Marine Engineers, Students, 
and others. By the late W. R. Kine, U. S. N. Revised by Chief- 
Engineer J. W. Kine, U. S. Navy. Twelfth edition, enlarged. 8vo. 
Cloth. $2. 

\V ARD. Steam for the Million. A Popular Treatise on Steam and 

its Application to the Useful Arts, especially to Navigation. By 
J. H. Warp, Commander U. S. Navy. New and revised edition. 
1 vol., 8vo. Cloth. $1. 
\ ALKER. Screw Propulsion. Notes on Screw Propulsion, its 
Rise and History. By Capt. W. H. Wacker, U.S. Navy. 1 
vol., 8vo. Cloth. 75 cents. 
Slee STEAM-ENGINE INDICATOR, and the Improved Mano- 
meter Steam and Vacuum Gauges; Their Utility and Application. 
By Pavut Stittman. New edition. 1 vol., 1zmo, Flexible cloth. 
$1. 
SHERWOOD. Engineering Precedents fur Steam Machinery. Ar- 
ranged in the most practical and useful manner for Engineers. By 
B. F. Isnerwoop, Civil Engineer U. S. Navy. With illustrations 
Two volumes in one. 8vo. Cloth. $2.50. 
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| eather ncaa The Blow-Pipe : A System of Instruction in its prac: 
tical use, being a graduated course of Analysis for the use of 
students, and all those engaged in the Examination of Metallic 
Combinations. Second edition, with an appendix and a copious 
index. By Gzrorcze W. Prympron, of the Polytechnic Institute, 
Brooklyn. 1t2zmo. Cloth §$2. 

“ This manual probably has no superior in the English language as a text-book for beginners, 
or as a guide to the student working without a teacher. To the latter many illustrations of the 
atensils and apparatus required in using the blow-pipe, as well as the fully illustrated descrip- 
dion of the blow-pipe flame, will be especially serviceable."—New York Teacher. 


i bagene i Treatise on Optics: or, Light and Sight, theoretically 
and practically treated ; with the application to Fine Art and In- 
dustrial Pursuits. By E. Nucent. With one hundred and three 
illustrations. 12mo. Cloth. §2. 


“ This book is of a practical rather than a theoretical kind, and is det.gned to afford accurate 
and complete information to all interested in applications of the science.”"—Round Table. 


ILVERSMITH (Julius). A Practical Hand-Book for Miners, Met- 
»7 allurgists, and Assayers, comprising the most recent improvements 
in the disintegration, amalgamation, smelting, and parting of the 
Precious Ores, with a Comprehensive Digest of the Mining Laws, 
Greatly augmented, revised, and corrected. By Jutrus Sr-vexsMITH. 
Fourth edition, Profusely illustrated. 1 vol., 1zmo. Cloth. $3. 


ARRABEE’S CIPHER AND SECRET LETTER AND TELE. 
GRAPHIC CODE. ByC. S. Larrasez. 18mo. Cloth. $1. 


RUNNOW. Spherical Astronomy. By F. Brtnnow, Ph. Dr. 
Translated by the Author from the Second German edition. 1 
vol., 8vo. Cloth. $6.50. 


Cig etiged! (Prof. Wm.) New method of Correcting Lunar Dis- 

tances, and Improved Method of Finding the Error and Rate of a 

Chronometer, by equal altitudes. By Wm. Cuauvenet, LL.D. 1 
vol., 8vo. Cloth. $2. 


POPE. Modern Practice of the Electric Telegraph. A Handbook for 
Electriciins and Operators. By Frang L. Porr. Fourth edition. 
Revised and enlarged, and fully illustrated. 8vo. Cloth. $2. 


." WORKS OF LONDON. By Zeran Corsurn. 12mo. Boards. 
60 cents, 


H EWSON. Principles and Practice of Embanking Lands from 
River Floods, as applied to the Levees of the Mississippi. By 
Witu1am Hewson, Civil Engineer. 1 vol., 8vo. Cloth. $2. 

“This is a valuable treatise on the principles and practice of embanking lands from river 
Aoods, as applied to Levees of the Mississippi, by a highly intelligent and experienced engineer. 
The author says it is a first attempt to reduce to order and to rule the design, execution, and 
measurement of the Levees of the Mississippi. It isa most useful and neede. contribution % 


‘dentific literature,”—PAdladelphia Wvening Journal. 


~ 








Scientific Books. 29. 


EISBACH’S MECHANICS. New and revised edition. A Manual 

of the Mechanics of Engineering, and of the Construction of Ma- 
chines. By Jutrus Werspacu, Pu. D. Translated from the fourth 
augmented and improved German edition, by Ecxtey B. Coxg, A. M., 
Mining Engineer. Vol. I.—Theoretical Mechanics. 1 vol. 8vo, 
1,100 pages, and 902 wood-cut illustrations, printed fom electrotype 
copies of those of the best German edition. $10. 


Arstract oF ConTENnTs.—Introduction to the Calculus—The Gen- 
eral Principles of Mechanics—Phoronomics, or the Purely Mathe- 
matical Theory of Motion—Mechanics, or the General Physical 
Theory of Motion—Statics of Rigid Bodies—The Application ol 
Statics to Elasticity and Strength—Dynamics of Rigid Bodies—Statics 
of Fluids—Dynamics of Fluids—The Theory of Oscillation, etc. 

“The present edition is an entirely new work, greatly extended and very much improved. It forms s 
text-book which must find its way into the hands, not only of every student, but of every engineer whe 
desires to refreah his memory or acquire clear ideas on doubtful pointa”’"—T he Technolegiat. 

lS bed (R. M.) Designs for the Gateways of the Southern Entrances 
to the Central Park. By Ricuarp M. Hunt. With a descrip- 
tion of the designs. 1 vol., 4to. Illustrated. Cloth. $5. 


ILVER DISTRICTS OF NEVADA. §8vo., with map. Paper. 
35 cents. 


Ay COSMe (R. C.) Arizona: Its Resources and Prospects. 
By Hon. R. C. McCormick. With map. 8vo, Paper. 25 cents. 


IMM’S LEVELLING. A Treatise on the Principles and Practice o! 
Levelling, showing its application to purposes of Railway Engincer- 
ing and the Construction of Roads, &c. By Fxeperick W. Simus, 
C. E. From the fifth London edition, revised and corrected, with 
the addition of Mr. Law’s Practical Examples for Setting Out Rail- 
way Curves. Illustrated with three lithographic plates and numerous 
wood-cuts. 8vo. Cloth. $2.50. 


AELTZER. Treatise on Acoustics in Connection with Ventilation, 

With a new theory, based on an important discovery, of facilitating 

clear and intelligible sound im any building. By Alexander Saeltzer, 
1z2mo. In press, 


URT. Key to the Solar Compass, and Surveyor’s Companion ; com- 
prising all the Rules necessary for use in the field. By W. A. Burt, 
U. S. Deputy Surveyor. Second edition. Pocket-book form, tuck, $2.50. 


(5 !LLMORE. Coignet Béton and other Artificial Stone. By Q. A 
GILLMoRE. 4g Plates, Views, &c. 8vo, cloth, $2.50. 
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A Le. Application of the Slide Valve and Link Motion 
to Stationary, Portable, Locomotive, and Marine Engines, with new 
and simple methods for proportioning the parts. By Wituram S 
AvucHINCcLoss, Civil and Mechanical Engineer. Designed as a hand- 
look for Mechanical Engineers, Master Mechanics, Draughtsmen, and 
Students of Steam Engineering. All dimensions of the valve are 
found with the greatest ease by means of a Printep Sca.e, and propor- 
tions of the link determined wz/fou/ the assistance of a model. _IIlus- 
trated by 37 woodcuts and 21 lithographic plates, together with a cop- 
perplate engraving of the Travel Scale. 1 vol. 8vo. Cloth. $3. 


UMBER’S STRAINS IN GIRDERS, A Handy Book for the 
Calculation of Strains in Girders and Similar Structures, and their 
Strength, consisting of Formule and Corresponding Diagrams, with 
numerous details for practical application. By Wittiam Humser. 
1 vol. 18mo. Fully illustrated. Cloth. $2.50. 


(“= ON THE POWER OF WATER, as applied to drive Flour 
Mills, and to give motion to Turbines and other Hydrostatic En- 
gines. By JosepH Gryny, F. R. S. Third edition, revised and en- 
larged, with numerous illustrations. 12mo. Cloth. $1.25. 


HE KANSAS CITY BRIDGE, with an Account of the Regimen 

of the Missouri River, and a description of the Methcds used for 
Founding in that River. By O. Cuanute, Chief Engineer, and 
Georce Mortson, Assistant Engineer. Illustrated with five litho- 
graphic views and 12 plates of plans. 4to. Cloth. $6. 


REATISE ON ORE DEPOSITS. By Bernunarp Von Corta, 
Professor of Geology in the Royal School of Mines, Freidberg, 
Saxony. Translated from the second German edition, by FREDERICK 
Prime, Jr., Mining Engineer, and revised by the author, with numer- 
ous illustrations. 1 vol. 8vo. Cloth, $4. 


TREATISE ON THE RICHARDS STEAM-ENGINE INDICA: 
TOR, with directions for its use. Py Cuarces T. Porter. 
Revised, with notes and large additions as developed by American 
Practice, with an Appendix containing useful formule and rules for 
Engineers. By F. W. Bacon, M. E., member of the American 
Society of Civil Engineers. 12mo. LIliustrated. Cloth. $1 


HE ART OF GRAINING. How Acquired and How Produced. 
By Charles Pickert and Abraham Metcalf. 8vo. Beautifully Illus- 


trated. ‘Tinted paper. In press. 


ego TIGATIONS OF FORMULAS, for the Strength of the Iron 
Parts of Steam Machinery. By J. D. Van Buren, Jr, C. E35 
vol. 8vo, Illustrated. Cloth. $2. 
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HE MECHANICc’S AND STUDENT'S GUIDE in the Designing 
and Construction of ‘General Machine Gearing, as Eccentrics, 
Screws, Toothed Wheels, etc., and the Drawing of Rectilineal and 
Curved Surfaces; with Practical Rules and Details. Edited by 
Francis HeRBert Joynson. Illustrated with 18 folded plates. 8vo. 
Cloth. $2.00. 
“The aim of this work is to be a guide to mechanics in the designing and construction 
of general machine-gearing. This design it well fulfils, being plainly ara sensibly written, and 
profusely illustrated.”—Sunday Times. 


REE-HAND DRAWING: a Guide to Ornamental, Figure, and 
Landscape Drawing. By an Art Student. 18mo. Cloth. 
75 cents. 


° ‘HE EARTH’S CRUST: a Handy Outline of Geology. By Davip 
Pace. Fourth edition. 18mo. Cloth. 75 cents. 

**Such a work as this was much wanted—a work giving in clear and intelligible outline the 
leading facts of the science, without amplification or irksome details. It ix admirable in 
arrangement, and clear and easy, and, at the same time, forcible in style. It will lead, we hope, 
to the introduction of Geology into many schools that have neither time nor room for the study 
of large treatises.”— 7%e Museum, 


ISTORY AND PROGRESS OF THE ELECTRIC TELE- 

GRAPH, with Descriptions of some of the Apparatus. By 

Rosert SapinE, C. E. Second edition, with additions. 12mo, 
Cloth. $1.75. 


= TRUSS BRIDGES FOR RAILROADS. The Method of 
Calculating Strains in Trusses, with a careful comparison of the 
most prominent Trusses, in reference to economy in combination, etc, 
etc. By Brevet Colonel Wirtram E. Merritt, U. S. A., Major 
Corps of Engineers. With illustrations. 410. Cloth. $5.00. 


SEFUL INFORMATION FOR RAILWAY MEN. Compiled 
by W. G. Hamitton, Engineer. Fourth edition, revised and 
enlarged. 570 pages. Pocket form. Morocco, gilt. $2.00, 


EPORT ON MACHINERY AND PROCESSES OF THE IN- 

DUSTRIAL ARTS AND APPARATUS, OF THE EXACT 

SCIENCES. By F. A. P. Barnarp, LL. D.—Paris Universal Ex- 
position, 1867. 1 vol., 8vo. Cloth. $5.00. 


HE METALS USED IN CONSTRUCTION : Iron, Steel, Bessemer 
Metal, etc., etc. By Francis Hersert Joynson. Illustrated. 
1zmo. Cloth. 75 cents. 


“*In the interests of practical science, we are bound to notice this work ; and to those wh« 
wish further information, we should say, buy it; and the outlay, we honestly believe, will be 
tonsidered well spent.”—Scieniific Review. 


ICTIONARY OF MANUFACTURES, MINING, MACHINERY, 
AND THE INDUSTRIAL ARTS, By Georcz Dopp 12mo 
“loth. $2.00, 
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UBMARINE BLASTING in ‘Boston Harbor, Massachusetts— 
Removal of Tower and Corwin Rocks. By Joun G. Fosrzr, 
U.S. A. Illustrated with 7 plates. 4to. Cloth. $3.50. 


| heageodnetsapey Report on the Filtration of River Waters, for the 
supply of Cities, as practised in Europe, made to the Board of 
Water Commissioners of the City of St. Louis. By James P. Kirx- 
woop. Illustrated by 30 double-plate engravings. 4to. Cloth. 
$15.00. 


' ECTURE NOTES ON PHYSICS. By Arrrep M. Mayer, 
Ph. D., Professor of Physics in the Lehigh University. 1 vol. 
8vo. Cloth. $2. 


HE PLANE TABLE, and its Uses in Topographical Surveying. 
From the Papers of the U. S. Coast Survey. 8vo. Cloth. $2. 


IEDRICHS. Theory of Strains; a Compendium for the Calcula- 

tion and Construction of Bridges, Rvofs, and Cranes, with the 

Application of Trigonometrical Notes. By John Dicdrichs. Illus- 
trated by numerous Plates and Diagrams. vo, cloth. $5.00. 


PV WLLIAMSON. Practical Tables in Meteorology and Hypsometry, 
in connection with the use of the Barometer. By Col. R. & 
Williamson, U.S. A. 1 vol. 4to, flexible cloth. $2.50. 


Oye A Hand-Book of Practical Telegraphy. By R. S. Currey. 
Engineer to the Electric and International Telegraph Company, 
Fourth edition, revised and enlarged. 8vo. Illustrated. Cloth. $5. 


ANDALL’S QUARTZ OPERATOR’S HAND-BOOK. By P. M. 
Ranpatt. New edition, revised and enlarged. Fully illustrated, 
1zmo. Cloth. $2.00. 


OUGE. New System of Ventilation, which has been thoroughly 

tested under the patronage of many distinguished persons. By 

Henry A. Goucr. Third edition, enlarged. With many illustrations. 
8vo. Cloth. $2. 


LATTNER’S BLOW-PIPE ANALYSIS. A Complete Guide to 
Qualitative and Quantitative Examinations with the Blow-Pipe. 
Revised and enlarged by Prof. Ricuter, Freiberg. Translated from the 
latest German edition by Henry B. Cornwatt, A. M., E.M. 8vo. 
RUNER. The Manufacture of Steel. By M. L. Gruner. Translated 
from the French by Lenox Smith, A.M., E.M. With an Appendix 
on the Bessemer Process in the United States, by the Translator. Illus- 
trated, 8vo. In press. 











